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1. 
IlITSODUCTION 
The poet Virgil set forth in his poem "Georgics", a system of 
land management v/hich ms being practiced in the dajrs of the Roman 
Empire (30, B. C.)« This system of fallov/, land burning, cross-
ploiTing auad broadcast sovring v/a.s carried to England and was practiced 
there until the middle of the Eighteenth Century. 
Jethro Tull laid dovm in his book (90), Horse-Hoeing Husbandry, 
in 1733> s- system of land management which was the basis for the Agri­
cultural Revolution T^hich began during the middle of the Eighteenth 
Century. 
This revolution was made possible by the improvement of the plow 
by the Dutch and the invention of the grain drill by Tull during the ye 
of 1701. After viewing the clean cultivation of vine cultiire in 
Southern France during his travels abroad (1709 to 17114.), he insti­
tuted a system of hoe cultxire for vfheat, turnips and corn. 
Although he was somewhat v/rong in the manner of plant feeding and 
the amount of tillage required to produce a root bed, the principles he-
developed of clean cultivation of a rovred crop planted by a precision 
grain drill are still the basis of all modern agriculture. 
Much has been vjritten about the value of a system of farming vj-hicl" 
produces a good seed bed, but the literature does not reveal a single 
2, 
description of a seedbed in mathenathical terms ivhich could be dupli­
cated at will by a research vrorker or farmer. 
From the conception of scientific agricult^.^^e, a sj'-stem of land 
management has been sought which maintains high yields under continu­
ous cropping. One of the most successful systems to date includes, 
among other things, a crop rotation of trro years of corn, one j'ear of 
oats and one year of meadovir. 
A successful system of land management is one which permits the 
use of a com.plete soil, water and nutrient conservation program while 
providing near maximum yields at reduced operating expenses. 
A m.ajor portion of this thesis deals with the development of a 
system, of land management known as Hidge or Bed Farming. In a formal 
primary tillage experiment this system is compared with three other 
systems, i.e. Conventional Farming, Ohio System of Farming (clod 
culture) and Lister Faming (fxirrow). 
The Conventional System of Farming as practiced by a majority of 
the farmers in Iowa produces a pulverized seedbed. The Ohio System c 
Farming produces a seedbed of low bulk density made up of clods and 
large aggregates. The above two systems have level seedbeds. In Rid 
Farming, a ridge is constructed and the seed is planted in this eleva 
seedbed. In Lister Farming, a furrov: is made and the seed is planted 
in the furrow. The tillage and cultural practices used in each of th 
systems are given in the section. Soil and Plant Culture (pp. lL3-ll4ii 
3-
The above systems of land management Trere studied in the Primary 
'Tillage Experiment vjhich v.-as designed to provide information concern­
ing the use of a starter fertilizer and pre-emergence spray. Yield 
and emergence data were taken to determine the productivity of the 
tillage systems. Soil phj^sics and chemistry data vrere also collected 
in the above experiment as well as in other experiments. 
Two uses have been made of the physical and chemical data as 
f ollovra; 
1. To determine the enirironment existing in the root bed and 
help predict changes which m.ight improve the conditions. 
2. To support the yield and plant count data so that an early 
conclusion can be reached concerning the value of the various systems 
of land management. 
Since many of the terms used in the body of this thesis are not 
well established in the literatxn-e, they will be explained and set 
apart by the use of quotation marks. 
k' 
REVIEW OF THE PERTHJSNT LITERATURE 
In this rsTiew of the literature, no attempt has been made to 
mention every paper •wdiich has dealt in some way with the environmental 
factors which affect plant grov/th. This would be impossible and im­
practical because so much of the v/ork is of secondary importance. 
For the most part, the more important papers which deal directly 
with the temperature and provide some measiH-e of the rate of reaction 
with temperature change, have been selected for their contribution 
in developing the problem to its present status. 
The papers discussed in this section will deal primarily with 
temperature reactions. Individual short introductory literatxu-e re­
views have been given at the heading of each topic in the experimental 
section. 
Chapters dealing with soil temperature have been written by 
Schubert (78), Keen (h5* PP» 296-35U), Baver (7, PP« 288-310), Hosier 
(6l, pp. 293-308), Richards (71, PP« 303-^80) and King (47, PP» 212-
222). 
References have been made to these books only for information 
which has a direct bearing on the effect a change in soil temperature 
has on plsuit growth. 
Tull (90, p. 3^4-) recognized the higher temperattn'e of a ridged 
soil when compared with a flat field. 
Wollny (96, p. 305) found the south side of a 15° hill was 
1,5°F warmer than the north side. King (14.7, p. 305) studied the 
higher temperature of land sloping toward the south. He found on 
July 31 that an 18° slope had a differential temperattare of ^*1°, 
2,7° and 2,8°F at one, two and three feet, respectively. 
Keen (1+5» P» 299) obtained the soil temperature of a "small heap 
of clay soil that had been in position for several years" with a slope 
in each direction of approximately 1 to 12, He foimd 8.ij.° and 5*4°C 
difference in soil temperature at the one and one-half-and three-inch 
depth, respectively, in favor of the southern slope. He also ob­
served a difference in moisture content and its effect on the timeli­
ness of cultivation. 
Shreve (81, p. li+O) recorded measurements in the region of the 
desert laboratory, Tucson, iirizona, on the north and south slopes of 
an artificial hill two years after construction. The hill was made 
of alluvial clay and was 10 feet high with a 30° slope. The tempera­
ture measurements were made at the three-inch depth after the moisture 
content had become the same. In -ftpril and May, the weekly average 
maximxmi showed the southern slope to be 5 to 7°C warmer than the 
northern slope. 
The radiation received per unit area is proportional to the cosine 
of the angle made between the perpendicular to the soil surface and 
the sun. Thus the smaller the included angle, the greater the quantity 
of radiation impinging upon the unit horizontal area. 
Ives (if-O) has done considerable vrork to find the altitude 
and azimuth angles of the sun for any given period of the year of 
1938 for Anes, Iowa, which is located at Latitude iiS® 1.6' !M. and 
Longitude 93° 38' Altitudes and azimuths of the sun were calcu­
lated for all hours of the day on eight days of the year. Of those 
days only March 21, liJay 6, June 22 and August 7 have any bearing 
upon the grovrfch of a corn crop. These curves are given in Figs. 1 
and 2. 
Although these two sets of curves are absolutely correct for 
only the year for which they were determined, they ma3r be used for 
any other year with only a slight error. The error would depend on 
the variation of the declination of the sxm which in general is 
quite small, being on the average about four- to five-tenths of a 
degree. 
Using the above cvtrves, Dale (21, p. 69) calculated the angles 
of incidence of the sun's rays on a angle sxirface of a roof. The 
ridge of the roof extended east to vrest. These angles of incidence 
versus the tim.e of the day were plotted and curves were drawn for the 
entire year. Figure 3 gives the angles of incidence of the sun's 
rays on the south side for the mornings and Fig. I4. gives the angle 
of incidence of the sam.e side for the afternoons. Figures 5 a-nd 6 
give the angles of incidence for the north side for morning and 
afternoon, respectively. 
Fig. 1. Curves for finding the altitude of the sun. 
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The amount of radiation impinging on a I|.5° surface may then be 
calculated for any hour of the day for the south and north side of 
the ridge. 
This was a.ccomplished by first converting from the intensity on 
the horizontal surface to the intensity on a surface normal to the 
sun's rays. 
Ih = I ©h 
3a 
then I = cos 
vrhere I = the intensity of the solar radiation on a surface normal 
to the sun's rays 
= the intensity of the solar radiation on the horizontal 
9]^ - the angle of incidence of the sun's rays with the horizon­
tal which is equal to 90° minus the altitude angle. 
Then by multiplying the intensity of the radiation on a surface 
normal to the sun's rays by the cosine of the angle of incidence on 
the I|.5° angle surfaces, the intensity of the radiation impinging on 
these surfaces was determined as follows: 
= I cos 9 
where = the intensity of radiation on the i|.5° angle 
surfaces 
9 - angle from Figs. 3> h) 5 6 
ih' 
The above special graphs are good only for an east and west 
theoretical ridge as shoivn in Pig. 39• 
The soil temperature daily variations are largely in the surface 
layers and decrease with depth. Be.low approximately four feet the 
soil temperature does not readily reflect daily changes in surface 
temperatures. 
The temperature of the soil below four feet reflects but lags 
behind the seasonal variations. 
According to Keen {k5t P» 3QU), below 10 feet, the soil remains 
at a nearly constant temperature. 
Crabb (20) reports that any vegetable cover tends to reduce the 
receipt of solar heat in proportion to the density of that cover. 
His data show that a meadovr has a greater moderating effect on soil 
temperature than small grains, however the cutting of either is fol­
lowed by a marked rise in soil temperature. 
McCalla (55) recorded the soil temperature under straw and corn­
stalk mulches. Under a straw mulch of two and eight tons per acre, 
he found the mulch loxvered the temperature below bare soil an average 
maximum of i|..7® and respectively, at the one-inch depth. Corn­
stalk mulch Yfas found to cover only one-third to one-half of the soil. 
The average lovfering of the soil temperature at the one- and four-inch 
depths at 3jOO PM on fallow land ms 2.3° and 0.9°C and in planted 
corn 0.8° and O.SOC, respectively. 
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Shading provided by the growing crop reduced the temperature 
difference bet'.v-een bars and mulched soil. It -was further observed 
that the soil temperature of the mulched plots lagged behind the 
bare soils. 
Although some minor differences in the amotmt of heat absorbed 
by soils are due directly to the color,conductivity of the soil and 
soil composition, Bouyoucos (ll) has found by far the most important 
differences in results from variations in moisture content and organic 
matter. Since the specific heat of mter is approximately five times 
that of soil, so much heat is required to change the temperature of 
the -water in the soil that differences in specific heat of soils are 
relatively unimportant. 
Hosier (6l, p. 22lj.) and King (I;?) have found that porous, well-
drained soils, such as sandy soil or those with vre 11-developed pore 
spaces through which the -iwater may pass, warm up earlier in the spring 
and follow more closely the changes in the average air temperature 
than do heavier, poorly drained soils. 
The temperature coefficient of any process, physical, ohsnical 
or physiological, is represented by -the symbol defined as 
the number of times that the rate of the process increases with a 
10°C (18°F) rise in temperature (60, p. 77) • 
The equation for 
Rate of process at T°C 10°C 
(l) Q^o - Rata of process at T°C 
•While the usefulness of the temperature coefficient is limited, 
(Richards (71, pp- 339 and 365))> it is believed desirable to include 
a table of the temperature coefficients of many reactions isdxich take 
place in the soil. This is sho^vn in Table 1. 
All biological reactions shown in Table 1 have a temperat;ire co­
efficient greater than one, up to a certain limiting temperature. 
The characteristic temperature response curve is shoiro in Pig. ?• 
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Also plotted is a transferred logarithmic curve of Y s (e) and a rate 
of nitrification curve from data supplied by Russel (75)• It is 
noted that the logarithmic curve more closely resembles the nitrifi­
cation curve than the curve. The rate of reaction of the process 
increases as the temperature is raised up to a certain point. There 
is then a complete reversal as the higher temperature begins to reduce 
the rate of reaction of the process. Further increase in temperatiire 
causes a complete destruction of the process. That the characteristic 
reversal and death at increased temperature occurs will not be men­
tioned in the ensuing discussion. 
Low soil temperatures reduce the rate of water absorption by 
plants (71, p« 351) may caiise wilting when the water loss by trans­
piration is sufficiently rapid. 
Kramer (i+9» p» 35h) has concluded that the reduced intake of water 
by transpiring plants in cold soils is caused principally by the in­
creased resistance of the water movement across iiie living cells of the 
root. He attributed this increased resistance to a combination of two 
17a. 
Table 1 
Temperature coefficient of various processes 
Process 
Temperattxre 
coefficient 
Temperature 
range 
Author-
ity 
Ammonification by bacteria 2.0 to 2,2 15 to 35 75 
itnion absorption iJl. to 2.2 15 to 25 Sk­
Bacteria activity 2.0 to 2.2 15 to 35 id 
Cation absorption 1.0 to 1.6 15 to 25 9h 
Cell enlargement of roots 2 60 
Chemical reaction (imcatalyzed) 2.0 to 3*0 71 
Diffusion 1.2 to 1.3 71 
Emergence of sorghum 1.75 to 2.0 15 to 30 58 
Enzjtae 1.1). to 2 5 to ko 60 
Growth of bean root tips 
carrot roots 
wheat roots 
carrot tops 
2.0 to 3.0 
1.63 
1.3^4-
2,h 
10 to 
15 to 
20 
25 
17 
5 
15 
5 
Imbibition of corn seeds 
pea seeds 
xanthi™ seeds 
1.54 
1.60 
1.55 
5 to 
5 to 
3 to 
50 
35 
35 
CO 
CO 
00 
Nitrification by bacteria 2.0 to 2.2 15 to 50 75 
Photosynthesis high CO2 
low CO2 
2.5 to i).«0 
1.0 
10 to 
10 to 
25 
25 
60 
60 
Respiration 2.0 to 2.5 0 to 35 86 
Salt accumulation 2.0 to 3.0 37 
Viscous flow 1.2 to 1.3 71 
Transpiration 3 10 to 20 60 
Transpiration due to change in 
root temperature 2 10 to 20 17 
17b. 
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things, namely, that of higher viscosity and lower permeability of 
the protoplasm and the greater viscosity and reduced energy of the 
•water. 
As shoTOL in Table 1, temperatxire affects root growth. Consider­
able work has been done to establish the minimum, optimum, and maximum 
temperatures fcr growth to occur. Lehenbauer (51» p. 362) has found 
that corn seedlings cease growth at approximately after a 15-
hour exposure. He concludes that for shorter exposures like that 
which is found from noon to approximately 3^00 PM, the maximum 
temperature at which growth would cease would undoubtedly be higher. 
Temperatxxre (71$ p« 3^7) is one of the most important factors 
governing the germination of all seeds. Germination, emergence, and 
early growth of plants are intimately related to soil temperature. 
The effects of weather are probably more critical during the periods 
of germination and early seedling development than during any other 
stage of vegetative growth. Unfavorable soil temperatures at seeding 
time often produce a poor stand and consequently a reduced yield be­
cause of the lowered plant population. Therefore it seams evident 
that increased seeding rates should be used to offset reduced germi­
nation rate of early plantings which are nearly always planted in 
cold soils. 
A retarded growth of young seedlings may not only further reduce 
yield and cause the crop to mature later but also affect adversely 
the quality of the crop produced. 
Temperature fluctuations have been found to "be more favorable 
to the germination of seeds. With falling temperature, the condensa­
tion of the moisture in the soil atmosphere, which is nearly always 
saturated, may provide a source of free v^ater to seeds planted in 
soil. 
Another factor in the planting process is the placing of moist 
soil above the seed. As the moist soil heats up, it drains down 
toward the seed layer and contributes to the supply of moisture aimil-
able for germination. These two factors are all important since the 
seed is planted in a disturbed soil and the soil particles do not 
make sufficient contact with the seed to supply it with moist-ure 
rapidly enough by capillary flow. 
The seed represents a low energy sink and the saturated atmos­
phere is a high energy source. Experiments (39) have shovm that 
although seeds in a sat-urated atmosphere take on moisture they do 
not germinate but are attacked by fungi which destroy the seed. How­
ever in the field seeds germinate in a disturbed, slightly moist soil. 
Thus by reasoning, free water must flow from some source to the seed 
in order to promote germination. 
Peters (66) studied the germination of seeds in quartz sand of 
low moisture content. He tried to answer the question as to whether 
seeds can germinate when the moistvire content is held so low that 
plants growing in the sand will wilt and die. He found that seeds 
of peas, soybeans, corn and Trfneat, germinated at or below the 
P 7/ P (permanent wilting percentage) of 1.31 percent in quartz sand 
20. 
of 0*1 mm size. 
Hunter (39) using four different soils found the moisture con­
tent for incipient germination at 25°C to "be approximately 3^*5 
percent for corn, 26.5 percent for rice and 50*0 percent for soybeans 
which is the equivalent of 12.5j 7*9 and 3*5 atmospheres of tension. 
Thus the data at constant tonperature indicate no germination at 
moisture content below the P W P but on the contrary, somewhat aboTe 
the P W P. In these experiments the seeds were attacked by fungi 
and in some cases were decomposed. 
The response of root growth to increased temperature for several 
crops is shown in Table 1. 
For com, Dickson (22) found the largest root system, irrespec-
tive of the age of the plant, developed at soil temperatures of about 
2i4.®C with good growth in the 20 to 28°C range. Below 20° or above 
28°C there was a definite reduction in root growth. 
The heaviest and longest tops developed at a soil temperatiire of 
2I4PC during the earlier stages of growth but the optimum soil tempera­
ture for later growth increased to 28°C. 
Bouyoucos (ll) found that percolation of water through soils 
increased with temperature up to 30°C and then dropped off. 
Pillsbury (67) working with Indio loam found a similar increase 
in the percolation rate with increased temperattire but did not record 
a decrease 7ri.th temperatures over 30°C. 
21 
Reworking the data of Bouyoucos (ll), the effect of tempera­
ture upon the field capacity of the soil was determined and is 
shown in Pig. 8. This figure shows that field capacity decreases 
as the soil temperattu*e increases. 
Laude (50) studied the effect of a six-hour pre-emergence heat 
treaisnent upon the emergence of a number of meadow grasses. He found 
that while the J4.2.2°C treatment did not reduce emergence, a J4.7*2°C 
treatment definitely affected five out of the six meadow grasses 
tested, and 52.7°C killed or prevented the emergence of any of the 
grasses. 
The literature review indicated that the temperatiire of the soil 
on the south side of soil mounds was higher than the level soil. A 
great deal of evidence has been given that it would be advantageous 
to increase the temperature of the soil during the spring and early 
summer months to provide a high rate of root growth and emergence 
and for maximum growth of the seedling. 
22. 
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HISTORY OF RIDGS FULMIMG 
Tull (90, p. recognized the value of changing the contour 
of the soil surface profile when he -wrote 
The method of ploughing land up into ridges, is a parti­
cular sort of tillage; the chief use of -which is the 
alteration it makes in the degrees of heat and moisture, 
being two of the grand requisites of vege-bationj for very-
different degrees of these are necessarj"- to different 
species of vege-tables. 
As stated in the Introduction, Tull's invention of the grain drill 
and the development of the hoe-horse husbandry of the ro\Ted crop per­
mitted the precise placement of seeds in the soil and reduced the 
labor required to control the -weeds in -the gro-wing crop. 
Although Tull set forth a spacing of the ro-ws (90, p. lOLi.), he 
was in general recommending a wider spacing than now generally used. 
The present day spacing appears to be based on the width of a single­
tree of a horse-drawn cultivator. 
Ridge or bed farming has been generally used only in problem 
areas -vdiere high rainfall, tight soil or poor drainage limits the 
number of field working days in -the spring. The high capacity of 
the bedder has fi-tted into the limited time available for seed bed 
preparation. Only one-third of the soil is turned by the implement. 
This factor permits the bedder to "cover" approximately three times 
as wide a swath as the equi-valent plow. 
2li. 
If the climate is dry, the seeds are normally planted in the 
furrows "to be close to the moisture". A certain measure of weed 
control has been secured from the furro?/ planting. This method of 
\veed control inyolved throwing soil from the ridge do*.mhill into the 
row to cover weeds. 
In areas having a reasonable number of dry working days during 
the seedbed preparation and planting season, the moldboard plo'w has 
generally been the universal primary tillage implement (63) • The 
mechanically aggregated seedbed produced by the plow plus the good 
internal drainage afforded by the completely covered trash layer has 
provided the farmer with a seedbed which is trouble free during 
planting and cultivating and is second to none in. yields. 
Ridge farming is not a new practice in the corn belt. Jones 
(144.) studied ridge farming of corn for three years beginning in 1938 
at the Missouri Agricultural Experiment Station. He constructed 
ridges with a cultivator equipped with a disk-hiller operating on 
disked soil. The system gave a reduction of man and horsepower hovirs 
per acre of 20.2 and h7»^  percent, respectively, when compared v;ith 
conventional methods, i.e., plo'vT, tandesm disk and harrow. However 
it resulted in a yield reduction of 10.ij. percent. The experiment 
was abandoned due to inadequacy of equipment. 
Primary tillage experiments conducted at the Western Iowa 
Experimental ?arm at Castana and the Soil Conservation Ebcperimental 
Farm in Page Cotmty during the Nineteen Forties showed that plowing 
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and surface planting (see Table 19) gave better yields than listing, 
disking or subsurface tilling; the soil and water run-off studies, 
carried on in conjunction with the above primary tillage experiments, 
pointed to the flat land system of farming as the worst offender 
with the highest soil and water losses. 
At about the same time, work was being conducted on the use of 
herbicides for the control of weeds by members of the Iowa State 
College ajad U.S.D.A. Agricultural Engineering staffs. The author, 
working at another experiment station, was at the same time engaged 
in herbicidal weed control and bed fanning of cotton. Lovely (52) 
studied the use of 2,i4.~D pre-emergence spray for weed control in 
corn on the Webster-Clarion soil complex. He found that two pounds 
per acre of 2,i4.-D acid equivalent in 5 "to 10 gallons of water gave 
good control of broad leafed weeds and grasses for a period of four 
to six weeks, l/hile does not actually kill the germinating 
grass seedling, it does stimt the grass by killing a portion of the 
root system. Tests indicated that the stunted grass seedling may 
then be controlled by mechanical cultivation. 
This development (control of broad leaf weeds and stunting of 
grass) made it possible to obtain excellent control of all weeds 
with two and xmder some conditions, only one, mechanical cultivation. 
By intuitive reasoning based on the following three factors 
(l) pre-emergence weed control, (2) tillage capacity of the lister, 
and (5) effectiveness of contour listing in soil and v/ater control 
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(but poor yields on many soil types), a system of ridge farming 
was evolved. This system, proposed by Professor E. ¥. Collins, 
consisted of planting on ridges and controlling early weed growth 
by pre-emergence spray. The first crop of ridge-planted corn was 
harvested in the fall of 1951• 
The primary objective of ridge farming was soil conservation 
with satisfactory yields based on concentration of the top soil under 
the roTiT rather than planting in the sub-soil of the furrovf. 
Lovely (52) reported preliminary trials of ridge farming. He 
foimd that ridged corn planted on relatively flat land with poor 
surface drainage withstood more flooding than flat corn. It did not 
drown out as readily as the flat-planted corn. 
Three corn crops have been harvested from ridge-planted corn. 
A review of literature showed limited information concerning 
the reasons why certain crops are planted on beds. 
Sugar cane is planted on beds or ridges one to two feet wide at 
the top and five and one-half to six feet apart (59» ?• Ml-3)* 
Potatoes are often planted on the ridge. Eatera (68) recognized 
the superior drainage of the high ridge where the potatoes are 
located above the free water line during irrigation. This elevated 
position reduced potato rot. Slosser (56) recognized that the ridge 
provided drainage from the root bed, which permitted it to warm up 
and dry out quicker in the spring. 
Tobacco is planted on beds with a 32- to 5U-inch row spacing. 
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Sweet potatoes are planted on beds vrith a ran spacing of 28 to 
i4.8 inches. The bed is believed to encourage grovrfch of long roots 
(59, p. 1082). 
Sugar beets are grown on beds, especially in irrigated areas. 
In the humid cotton region, cotton is planted on beds which are 
"knocked off" by the planter to plant the seed in "cold" soil. The 
reason given for shearing off the top of the bed is for weed control 
in that cotton seed and tveed seed exposed during the planting opera­
tion start off together in their canpetitive race for germination 
and growth. A large number of "cotton choppers" are required to 
control the vreeds growing on the bed. The cotton itself undergoes 
a drastic thinning dxiring the chopping. Bainer (3) described the im­
proved surface drainage of bed-planted crops and Tull (90) recognized 
the property of the ridge to increase the depth of top soil under 
the seed planted on the ridge. 
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EXPERIMENTAL 
t 
During the progress of this research endeavor the experimental 
work logically fell into several of the major branches of physics. 
Accordingly it is thus presented. 
Machinery Development 
In this section, the machinery required to perform the necessary 
tasks in the ridge farming system will be discussed. 
The development of a machine to perform a given job is a long 
and tedious task. A brief accomt of these developments, and field 
observations is presented. 
THIhen unsatisfactory performance of a machine was noted, the 
developmental work was continued until it perfomed satisfactorily. 
Photographs of the machine and the work it performed were taken during 
successive stages of its development. 
Ridge ploYfing 
The ridges were constructed by a rotating moldboard lister in 
1951• This implement, shown in Pig. 9» made pairs of furrows. Since 
the corn was to be planted on the ridges with a two-row planter, pairs 
of ridges were desired instead of pairs of furrows. Accordingly, a 
two-rov/ ridge maker which would construct pairs of ridges was built 
during the winter of 1951~52* 
The 1952 ridges were made with the tool bar ridge maker shown 
in Pig. 10. The ridge maker was constructed by placing a regular 
lister bottom in the middle position and using as mating bottoms one-
half of a lister bottom in the right and left end positions. A set 
of right- and left-hand jointers were also placed at these end posi­
tions to lend stability to the unit and help clean loose soil out of 
the furroT/s. Fertilizer equipment was added to place fertilizer at 
the bottom of the ridge as the ridge was being formed. 
The depth of the furrows was not equal and the ridge was neither 
high nor wide enough to provide maximum water storage capacity (see 
Pig. i|.0). A further shortcoming of the ridge maker was found when an 
attempt was made to "re-verse" the ridges, that is, split the ridge, 
throwing a portion of the soil sidewise to form a new ridge over the 
old furrow. The lister bottom lacked lateral stability which made it 
difficult to prevent it from following the old furrow. 
Another disadvantage of the ridge maker was that the lister does 
not have a well developed moldboard. For this reason it failed to 
provide the mechanical aggregation described by Uichols (62). One side 
of the moldboard of the center bottom throws soil against the soil 
throvm from the mating bottom. The organic residue lying on the sur­
face was moved laterally with the soil and left in a vertical col\mn 
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Pig. 9» Hotating moldboard lister used to construct ridges 
in 1951. 
Pig. 10. Ridge maker built in 1952 to make paired ridges. 
extending from the bottom of the ridge to the top of the ridge. 
TOien the ridge, thus formed, ms planted, the planter operated in 
this vertical line of trash. The trash caused clogging of the 
planter, tmeTren planting, uneven germination and erratic emergence. 
The above cited disadvantages led to the search for different 
ridge building implements. In conference, the disk-plow, disk-
terracer, one-way, and staggered-bottom ridge maker were discussed 
ajad discarded. Professor Collins in November of 1952 originated the 
idea of constructing ridges with the moldboard plov/. In the norther 
Great Plains region, the one-way plow with several discs removed has 
been found to do a satisfactory job of ridge making (l3). Accord­
ingly, a single-bottom plow was built up to determine the possibilit; 
of using it to make a single, new "back furrow" each trip through 
the field. The plow bottom, as shown in Pig. 13, was so spaced on 
the tool bar that there ms a row width between the old furrow wall 
and the shin of the down bottom. 
This experimental plow is shovm in Fig. 11. The idea proved 
successful during the fall of 1952. To secwe a two-way plow, contac 
was made with the International Harvester Company. 
An experimental two-way plow was delivered to the Agricultural 
Engineering Department for developmental purposes. Layout drawings 
shovred that the interference which existed when the two bottoms were 
reversed could be reduced by inserting a four-inch block of metal on 
the inside edge of the front end of each beam. This permitted the 
moldboards to pass without hitting when lifting or lowering. Fur­
ther modification was made on the lifting arms to secure greater 
lifting height to prevent the turning soil 'block from hitting the 
up bottom. 
Ihe wheel spacing was such that the opposite wheel from the 
down plow bottom was always used as a guide on the old furrow wall. 
The wheel spacing in inches of the IHC experimental plow is -calculate 
from the following equation: 
(2) "Wheel spacing s 2(rctw spacing+ 1) + tire diameter - distance 
between plow bottom shins. 
Figures 12 and 15 show the reversed bottoms on the International 
Harvester Company's Model C experimental plow. It should be pointed 
out that any lateral force transmitted to the plow beam by the soil 
from, the reversed plow bottoms is opposite to that of a commercial 
plow. 
During level land plowing the soil must be throrm up and over 
an tinplowed section, llhen reversing ridges, the furrow wall of the 
ridge crumbled and permitted the plow to swing sidewise toward the 
rear tire of the tractor (see Pig. li|.). Since the wheels were spaced 
so close to the plow because of their use as a guide in both of the 
above cases, it was found necessary to mechanically limit in the dovm 
position the sidewise movement of the plow to prevent the rolling 
coulter from being thrust into the rotating rubber tire. The tire lug 
in some cases actually caught the coulter bolts and raised the plow 
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Fig, 11, Experimental plow used to study wheel spacing, draft and 
type of ridge made with a plow. 
Fig, 12. Two-'way plow plowing ridges on the contour - Note that 
the preceding year was flat farmed and had good coverage 
of trash. 
Pig. 13. Mieel spacing of IHC Model C tractor., lote that the plow throws soil 
opposite to direction of lateral travel. 
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Fig. II4.. Reversing old ridges with the IHC experimental plow. 
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out of the ground. 
In order to stabilize the plow and limit this sidewise move­
ment, a set of hooks -was made to hook over the drawbar extension 
when the plow bottcan was in the soil. These hooks also made it 
possible to accurately locate the plow bottom with respect to the 
furrow wheel. For this reason the set of hooks was used for all 
plowing conditions. The drawbar extension was built on bearings so 
it could rotate. This pennitted the plow bottom to move freely up 
and down. 
A further modification "was made by placing weights on a torque 
arm attached to the plow beam to counteract the side thrust on the 
plow bottom Tfhen reversing ridges. Figures 12 and 15 show the plov;-
as used in 195^* This additional weight added to stabilize the plow 
was found useful -when plowing ridges in alfalfa sod because of the 
additional penetration secured as shown in Fig. 23. 
Ftirther work was carried on to determine the use of commercial 
two-way plows in making ridges on flat land. The Ford two-way plow 
(Figs. l6 and 17) and the IHC Model C tractor two-way plow (Fig. 18) 
were successfully used to make ridges without the above modifications. 
These tvro plows throw the soil in the direction of lateral travel. Th 
Ford plow was an 18-inch bottom while the IHC plow 7ms a li|.-inch bot­
tom. The larger plow was found to make a superior ridge as shown in 
Fig. 19 and eliminated a great deal of ridge shoulder trouble 
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Fig. 15. IHC Model C tractor plowing ridges in ridged alfalfa sod 
Fig. 16. Ford tractor plowing ridges in disked alfalfa ground. 
Pig. 17. Wheel spacing for the Ford tractor with a plow spacing of 10 inches. 
Note that the plow throivs soil in the direction of lateral travel. 
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Pig. 18. IHC two-way plov/ used to make ridges sho"wn in Fig. 35 
Fig, 19. Ridge made by a Ford two-way plow with an 18-inch bottom. 
l+o. 
due to uncovered grass. The wheel spacing in inches of the commer­
cial plows is calculated from the follovring equation: 
(3) TfVheel spacing r 2(raw spacing - l) - tire diameter - distance 
between the plow bottom shins. 
Fertilizer placement during ridge plowing 
Regular planter type fertilizer boxes were used to place the 
nitrogen fertilizer under the ridges during the ridge plowing opera­
tion. Figure 20 shows the reversing of old ridges and the placement 
of 120 potmds per acre of elemental nitrogen. This method of ferti­
lizing permitted an early deep placement (10 to 12 inches under top 
of ridge) on the crop residue during the primary tillage operation 
at no additional cost except for that of handling the fertilizer. 
The experimental plow constructed a ridge approximately under 
the center line of the tractor, thus it is possible for both ferti­
lizer boxes to deliver fertilizer to the center line position at all 
times. 
In the case of the commercial plow, only one box at a time can 
deliver fertilizer for deep placement under the ridge. The other bo3i 
is either stopped up or the fertilizer from it is allowed to drop in 
the f\3rrow where the guide rear tractor wheel is traveling. Fertiliz 
placed in the f\irrow may be carried down by leaching water or carried 
from the field by run-off water. 
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Ridge plovfing; of a brome-alfalfa sod 
In the spring of 1953> developraental work v<s.s conducted on the 
use of a two-way plow to determine a feasible set of tillage opera­
tions to go from a brome-alfalfa sod to corn. The disk bedding 
equipment (Fig. 27) could not cope with the sod so the entire field 
had to be plowed with a three-bottom plov; in order to secure a 
complete kill of the brome grass. Figure 21 shows the plovred soil 
of a brome grass sod lying on top of the unplowed layer. Figure 22 
shows ridges which vrere successfully made from a red clover stubble 
which had been harvested for seed vath a combine. 
Further developmental work was conducted in the spring of 1951+ 
in the ridged brom.e-alfalfa sod. Two main treatments were used, i.e., 
plowing and disking. Sub-plot treatment of subsurface tillage prior 
to plovdng or disking, disking prior to plowing and various nxmibers 
of hipping operations after primary tillage were used. Of the vari-
our treatments used, the most successful was the disking, plovd.ng and 
hipping. In the plots idiere disking was the primary tillage treatment 
the brome grass was never killed. 
Land which was subsurface tilled prior to plowing did not scoiir 
when the plow passed through the ridge, and frequently, the upper 
strip of sod vras pushed ahead of the plow until the implement clogged. 
Li2, 
Pig. 21. Ridges plowed with, the two-way plow in a brome-alfalfa 
sod. Hote the strip of grass remaining on the shoulder 
of ridge. 
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Disking, plowing up the ridge and hipping the ridge was found 
to be a set of successful tillage operations for handling a brome-
alfalfa sod. 
In another field of ridged alfalfa, additional developmental 
experiments were conducted on the primary tillage operations require 
to produce a corn seed bed from ridged alfalfa. In this field, plow 
ing and hipping the ridge was successful. Figures 15 and 25 shovf 
the progress of this experiment. The pre-emergence spray, 2,it.-D, 
killed any alfalfa which survived the plovri.ng and two hipping opera­
tions. 
Developmental work was conducted on reversing old corn ridges. 
It was found that a new ridge could be made by simply reversing the 
old ridge as shown in Fig. 20 but disking the ridge down to cover 
the cornstalks which vrere lying in the bottom of the furrow and then 
plowing a ridge also produced desirable results with less clogging oi 
the plow. This clogging generally resulted when the cornstalks 
gathered on the front plow beam due to the small clearance between 
the front part of the plow beam and the ridge and/or the collection 
of crop residue on the rolling coulter bracket which "vrns located on 
the plow beam. Figure 2lj. shov/s the covering of cornstalk residue 
with the plow. Corn stubs, especially if they have been shredded, 
sometimes fall out of the ridge diiring ploiving as shoira in Pig. 25. 
The hipper then cuts up the root mass and leaves a portion of it on 
top of the ridge. 
¥4-» 
Fig. 22. Ridges plowed in a red clover field. 
Fig. 23. Ridges made with IHC Model C tractor and two-way plow in al­
falfa sod. 
Left side: Deep furrows made by weighting plovr. 
Right side: Shallow furrow with poor coverage of shoulder. 
Fig. 2li. Plowing ridges on flat land. Note trash coverage 
Fig. 25. Ridge plovdng of flat-planted com. Note corn stubs falling 
out of ridge. 
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Hipping and treading 
The plowed ridge mis found to he quite loose and contained air 
pockets caused by large clods surviving the plowing action. If the 
plowed ridge is left xmworked until planting time, the entire plow 
layer may dry out. In order to reduce moisture loss "by evaporation 
from the large air pockets, a set of secondary tillage operations 
Twas investigated. 
In 1952, a disk-bedder with single disc gangs, shown in Fig. 26, 
was tested. It could not sufficiently reduce the large clods or 
build the bed up enough to counteract the down trodding action of the 
treader (rotary hoe pulled backward). Purthermore, it could not till 
the shoulders of the ridge enough to kill the brome grass. 
In 1953» a- disk-bedder, using gsings of three discs each, shown in 
Pig. 27, was used. This bedder did a thorough job of tilling the 
shoulders, increasing the size of the bed and cutting up the large 
clods so that the treader could subsurface pack the entire ridge. 
One further modification, added in 195^4-» 'was the installation of a 
single disk-hiller behind the left middle gang of discs. Since the 
disk gangs are staggered to prevent clogging, the high degree of off­
set of the left gang of discs caused them to tend to push the satire 
bed to the middle furrow. The addition of this single disk-hiller 
counteracted the throwing action of the extreme left gang of discs. 
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26. Tool bar single disk-bedder used to hip ridges and treader 
for subsurface packing of the ridge. 
27• Three-disk-bedder showing soil surface profile. 
i|8. 
Pigtire 28 shows the finished bed just after the hipping and 
treading operation. The above mentioned disk-hiller is in position 
in this picture but does not show clearly. 
The row spacing used at the Agricultxiral Engineering Research 
Farm is 1^2 inches. In order to ride on the center line of the furrows 
the tractor wheels must be extended to 8L(. inches. Developmental work 
was xmdertaken to mden the rear wheel spacing of the Ford tractor. 
In conference, several methods were investigated such as the use of 
two-wheel disks, the constiniction of a spacing spool and the welding 
of two brake drms together to form a spool. The latter method was 
used and provided a maximum additional wheel spacing of 18-1/2 inches. 
The bolting circle for the outer brake drum to wheel disk was made from 
the regular rear axle hub. 
la order to tighten the inner brake drum to the rear axle hub, 
the center of the rear axle hub was cut out to form the bolting circle. 
This open center permitted the entrance of a socket wrench to tighten 
the inner brake drm to the rear axle hub. Figure 29 shows a view of 
the set of wheel extension spools. 
No work was required on the front wheels because they normally 
extended to 76 inches and the tire is only six inches in diameter. 
Figure 26 shows the Ford tractor with spacing spools in position 
pulling the disk-bedder and treader. 
ii9. 
Fig, 28. Ford tractor with wide spaced rear wheels pulling disk-
bedder and treader - Note v/heel spools used to increase 
tractor wheel spacing. 
Fig. 29. Y/heel spools made by welding two brake drums together. 
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Ridge-planting 
To plant corn on the ridges, sereral trailing planters were 
tested but foiind unsatisfactory due to their inherent characteristic 
of being throim. off the ridge when making a tight turn. 
The planter shoiTO in Pig. 30 is mounted on a regular cultivator 
frame. Because this planter could be accurately positioned on the 
ridge and followed the contour, it was found to be satisfactory. 
The most successful furrow opener was found to be of the single 
disk type because it did not materially reduce the height of the bed. 
The runner tjrpe opener tested prior to the disk opener pushed down and 
flattened the ridge and often clogged with cornstalks. 
Pre-emergence spray 
As stated in the history of ridge farming, one of the important 
contributions which made ridge farming feasible was the deTelopment of 
pre-emergence sprays. 
For the Webster-Clarion complex soil, two potmds of 2,h~^ amine 
have been found to give satisfactory weed control for approximately 
four to six weeks. 
The spray is applied following the planting of corn. The equip­
ment may be either planter-mo\mted or it may be a self-contained spray 
rig. Both blanket and strip spraying have been found successful. 
Pig\ire 31 shows a mounted sprayer which was used to apply a blanket 
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Fig. 30. Mounted planter "vvith disc type furrow ooener. 
Fig. 31. Mounted sprayer used for pre-emergence vreed control. 
application of 2,i4-D. The spray application should be made before 
the corn is two inches high. 2,I|.-D applied to corn past the two 
leaf stage may cause "rat tailing" and a reduction in yield. "Rat 
tailing" occurs when the whorl fails to open due to damage 
but continues to grow straight up as a slender pencil-like staUc. 
CultiTOtion 
The primary reason for the cultivation of flat-planted crops 
for weed control. With ridges, cultivations are performed not onl 
to control weeds but also to maintain or increase the height ajid 
effectiveness of the ridge, 
A cultivator which accomplished the above two objectives was 
constructed by mounting in front four 12-inch disk-hillers with foi 
l6-inoh disk-hillers following. Figure 32 shows that the front dit 
hillers are at a higher elevation than the rear disk-hillers. Dur; 
the first cultivation the function of the front disk-hillers is to 
press rather than throw the soil from the shoulder of the ridge to 
center of the row* This pressing action was accomplished by settir 
the discs at approximately a 15° angle with the row and staggering 
discs to secure complete coverage of iiie vreeds by moving a large 
quantity of soil into the row (80). This may be done because pre-
emergence weed control allows the delaying of the first mechanical 
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cultivation of the corn tintil it is 12 to 2i|. inches high. Thus the 
danger of breaJcing down and covering the corn is alleviated. Figure 
55 shows a similar disk-cultivator for tractors equipped with a 
three point hydraulic hitch. 
Layout of contoxu* ridges 
Running the ridges parallel to the terrace ridge provides rows 
with approximately the same grade as the terrace and works quite 
well as long as there is only one terrace per field. 
If tvro or more terraces exist in the field, the string method of 
layout (92) provides a system which will group the short rows at op­
posite corners of the land area within the two terraces. Also there 
are no blind rows. Bartel (6) further developed the string method 
for parallel rows in unterraced fields by laying out two simulated 
terraces for guide lines. 
The ridged rows on the Agricultural Engineering Research Farm 
have been laid out by two different methods. 
If the field was not terraced, a graded contour line was estab­
lished approximately half way up the slope. T/here there was a sharp 
reversal in slope, or a tight turn had to be mad© to stay on the con­
tour, a grassed waterway was established. Figure 3k shows an airplane 
view of a field at the Agricultural Engineering Research Farm laid out 
Fig» 32. Front risir of IIIC cultivator mth disk-hillers in 
•position for ci-Utivation of ridges. 
Fig. 33 • Front view of Ford cultivator with disk-hillers in 
position for cultivation of ridges. 
Pig. 5i|. Airplane view of some of liie contoured, ridged fields at the Agricultural Elngineer 
inp Research Farm. Note contoured field in background v.'ith parallel correction 
•1 . . water vreished out the 
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by the above method. Parallel grassed correction strips were also 
used when the grade became excessive ajid grassed waterways seemed 
impractical. 
A slight variation of the above procedure was used on a farm 
east of Marshalltown. This is shown in Fig. 35• Graded contour lixi 
were established at twice the normal terrace interval. Ridges were 
then made down the slope from the contour line until the lovrer contc 
line was approached. A correction strip was left above the contour 
line and v/as used as a tiarn alley for the ridges which were shorter 
than the contour lines. Observation of the layout has indicated tha 
the correction strip should fall in iiie middle position betvreen the 
contour lines. The ridges would then be made above as well as belov; 
the contour line. 
Three other fields at the Agricultural Engineering Research Far 
have ridges vftiich run parallel to the upper terrace. These ridges 
were then allowed to dump into the bottom terrace channel. The char, 
was planted flat and used as a turn alley. 
Some observations concerning the layout characteristics of the 
ridge-farmed field are listed belovr. 
1. The ends of the rows should be brought downhill a few feet 
drainage because the furrow is lower than the grassed waterway and 
will allow water to stand in the ftirrow and not drain if the channel 
is brought out on grade to the waterway. 
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2. Considerably more grade may be given to a single row than 
to a terrace. Grades up to two and one-half percent axe often al­
lowable, especially for short rows. 
3« Ridges will often break during heavy rainstorms at low 
points or where reverse slope occurs. 
i).. Lower ridges will generally correct a break in the upper 
ridge at some point doTivn slope. 
This ability to correct is an importajat factor in preventing 
erosion of the entire slope. The correction occurs when a ridge with 
drainage is encountered down slope. An arrow in Pig. 3h shows the 
position vrhere vreiter washed out the ridges and Fig, 56 shows the cor­
rection area where two furrov/s drained the water which caused the 
"break over". 
The author has observed three other ridge failures. In all cases 
the ridges below held and the Virater was either carried to the waterv/ay 
or was spread over the furrow and percolated into the soil. 
It was observed that the soil which was washed from the ridge 
was for the most part deposited in the next furrow down slope from 
the ridge. This soil deposition, shown in Fig, 37» caused the water 
channel to be raised and prevented the complete destruction of the 
ridge. Cornstalks incorporated in the ridge helped to stabilize the 
ridge and reduce the erosion of the "topped" (where water has flowed 
across the ridge) ridges. 
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Fig. 33* Correction strips in the background used to change grade 
when slope of furrow became greater than 2-1/2 percent. 
A grassed watsirway is shown in middle foreground. 
Fig. 36. In the middle foreground a break through has occurred in the 
ridged field shown in Fig, 3h* The soil mshed from the 
ridge can be seen deposited in the ftirrqw. 
Fig. 37* The deposition of soil washed from the ridge into the fxurrow 
Note part played by cornstalks in holding ridge. 
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Soil Temperature 
A review of the pertinent literature pointed to the advantages 
of a warm soil temperature during the grovrfch of tlie plant. In Iowa 
nearly all farm crops are planted in the spring vdien the soils are 
nonnally cool. Earlier and more rapid grovrfch of the seedling will 
result from any treatment iwhich contributes to the warming of the 
root bed. 
Laboratory thermometer tests 
A laboratory study was made to determine the effect direct rad: 
ation might have on the temperature registered by a thermometer. 
Also in the laboratory an effort was made to find a means of reducir 
the number of thermometers required for measuring the soil tempera-
ture and to lessen the breakage when introducing and removing them 
from the soil. To accomplish the latter and to accui^tely locate 
the thermometer in the soil and control its depth,it was decided 
-to install one-quarter inch pipes in the soil. One end of the pipe 
was welded shut. Oil was placed in the pipe to provide a liquid 
contact between pipe and thermometer. To test the properties of the 
above equipment, various lengths of black and galvanized pipe were 
located in a constant temperature water bath. The top end of the 
pipes was placed one-half inch above the water line. An infra-red 
lamp was directed at the thennometers and they were relocated after 
each set of readings. Table 2 gives a description of the pipes and 
the average temperature recorded at each position. Only slight dif­
ferences were noted in the readings of the bare thermometer for the 
various depths of immersion. Greater differences were foxind -vdien 
the thermometer vra.s placed in the pipe at different depths. 
The difference of 8.5°F between the one- and three-inch immer­
sion precluded the use of the pipe as a position-depth locator. 
During the test, it was observed that the position of the ifliiite 
translucent strip with respect to the mercury column and heat lamp 
made a difference in the thermometer reading. The translucent strip 
provides a backdrop for easy reading of the mercury column. Accord­
ingly the test was continued to determine the effect of the position 
of the translucent strip. 
Table 2 also shows the thermometer positions and depth of immer­
sion and location of the translucent strip. The data indicate that 
the only caution required to secure accurate temperature readings 
from the laboratory thermometer was to carefully position the trajis-
lucent strip between the heat source and the mercury colTmui. To shoT 
the effect of radiation on the mercxary coliann, a comparison of the ti'> 
positions of translucent strips is shovm with the bare thermometer at 
one-inch immersion and the bare thermometer in air. In both position 
direct radiation impinging upon the mercxiry column increased the 
thermometer readings. 
Table 2 
Effect of position of translucent strip of thermometer 
on temperature 
Description of pipe 
Depth 
of 
immersion 
(inches) 
Bare therraometer 3 53•! 
l/i|."x3" black pipe 
with thermometer 3 53*6 
Bare thermometer 1 55'h 
l/ij."x3" black pipe 
with thermometer 1 6l,l 
Bare thermometer 
in air none 100.2 
Bare thermometer Total 53*0 
Translucent strip 
between mercury 
colurm and heat lamp Ay. 
Heat lamp shin­
ing directly on 
mercury column Av. 
(degrees Fahrenheit} 
53.2 53.15 53.6 
53.3 
53.i-i 
6l,8 
101.8 
53.0 
61.^ 5 60.2 
53.U 
53.45 53.8 
53.Uo 53.8 53.7 
61.2 
101.00 112.8 109.5 
53.00 53,0 53.1 
53.50 
53.60 
53.75 
60.70 
111.15 
53.05 
In order to determine the accuracy of the thermometer when 
its bulb and stem are located in areas with widely different 
temperatures, the thermometer was enclosed in a glass tube ivith 
the mercury bulb protruding through a rubber stopper. The tube 
was filled with ice and the bulb placed in hot water. Figiare 38 
shows the actual temperature of the hot water and the reading of 
the thermometer surrovinded v/ith ice water. 
This graph shows that a temperature difference of 10°P between 
bulb and stem ^vlll result in an error of 0,8°F in the reading. To 
register this error the temperature must be maintained over the en­
tire stem. In soils, iJie temperature exists as a gradient with the 
hottest portion at the surface. Between the one-inch and three-inch 
level no temperature gradient greater than per inch has been 
recorded. It thtis appears that the maximum error in reading would 
be below the accuracy of reading the actual position of the mercury 
columns, especially when this must be done while lying over two 
ridges taking the six-inch depth temperature reading in the bottom 
of the f;jrrow. 
The conductivity and the specific heats of the various materials 
involved in soil tonperature measurements are given in Table 3» The 
table shows that wet soil has a conductivity very close to that of 
glass J although that of moist soil is higher. MercTory is very dif­
ferent from either soil or glass in that it has a high conductivity 
and a much lov/er specific heat. Fortunately the area of mercury in 
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Table 3 
Coefficient of conductivity and specific heats of materials 
associated with temperature measurements 
Coefficient of 
conductivity Specific 
cal/sec/cm^/ Author- heat Author-
Substance Temp. °c/cni ity cal/^ram ity 
Air 0° 0.0000568 38 o.2k(h 38 
Water ro
 
0
 0
 
0
 
.0011+3 38 0.99859 38 
Sand dry .00093 38 0.1929 61 
Sand wet .00175 61 
Infusorial earth .000314. 38 
Glass .0015 38 0.12 57 
Kaolin dry .00085 61 0.22i+ 57 
Kaolin wet .00314+ 61 
Carrington A. .00031+7 85 
Marshall silt loam .000i+l!+ 85 
Mercury .0197 38 0.03325 38 
Podunk fine sandy 
loam 
20*2^% moisture .0026 65 0.320i+ 65 
26.95?^  moisture 0.3562 65 
the stem of a thermometer is extremely small so that very little 
heat is actually transmitted there; whereas at the bulb any change 
in temperature mil result in a movement of the mercury column. 
The above experiments and analytical stud;/ shoiv that mercury 
thermometers may be expected to give accurate readings of the soil 
temperature. 
The laboratory mercxirial thermometer is readily m.ovable, does 
not require "digging in" and the depth may be accurately re­
established if erosion or setblanent or deposition of soil occurs. 
Therefore it was decided that mercury thermometers could be used to 
measure soil temperatures. 
Field thermometer tests 
A field study was made to determine if the high temperature of 
the soil surface and solar radiation on the mercury coltmn had any 
effect on the temperatiire registered by the thermometer. It was felt 
that the above factors might cause a false reading to be recorded. 
Several shielded thermometers were secured from Dr. Robert Shaw 
of the Agronomy Department. The shield on the thermometer extended 
from the upper edge of the mercury bulb to approximately the i4.0°P 
mark. It was made by supporting an aluminum painted section of the 
cardboard case on spools, at the upper and lower ends of the shields. 
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Another aluminm-coated portion of the thermaaeter case was fitted 
OTer the thermometer as a cover to "blank out solar radiation. 
The first test consisted of determining the temperature differ­
ence between the shielded themometer, shielded thermometer with 
coTrer and a bare thermometer. Table 14. shows a series of temperature 
measurements taken every 20 minutes. The shielded thermometers were 
found to have a temperature lag. In bright sunlight they con­
tinued to heat so as to register a temperature higher than the soil. 
Covering the shielded thermometer caused even greater heating. 
In order to prevent the transfer of the heat from the cardboard 
cover to the thenaometer by convection, a hole was punched in the 
top cover and the loiver end of the cover Tjas raised off the ground 
so air could rise as it became heated and flow out the top of the 
thermometer cover. Table 5 compares the shielded thermometer 
against the bare thermometer with vented cover. The shielded ther­
mometer registered a warmer temperature than the bare themometer 
with vented cover. 
Table 6 shows the comparison of the shielded thermometer with 
cover and the bare thermometer ivith vented cover. Again the former 
was the warmer. 
Further work with the thermometer indicated that if the cover 
were removed, no heating effect due to direct radiation was noted 
and that vjhen the translucent reading strip vras placed bet\ireen the 
sun and the mercury, the lowest soil temperatxjre Tms recorded. 
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Table k 
Temperature of thermometer with different methods of 
shielding 
Depth 
Method of 
shielding Temperatvire Av. 
(inches} (degr •ees Fahrenheit) 
1 Shielded 71.5 TU.O 78.0 78.5 75.1+0 
Shielded 
w/cover - - 76.0 7i;.5 75.25 
Bare 76.0 82.0 75.8 75.8 77.1+0 
3 Shielded 61+.0 63.0 6I1..5 63.88 
Shielded 
w/cover - - 63.0 65.0 6^.00 
Bare 57.2 60.0 62.5 65.0 61.05 
6 Shielded 55.0 52.0 53.0 55.0 53.75 
Shielded 
•w/cover - - 52.0 55.0 53.50 
Bars 52.0 51.0 55.0 56.0 53.00 
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Table 5 
Temperature of shielded smd bare thermometers with cover 
Time of reading 
Depth Method of shielding 3:20 PM 3iU.O PM Av. 
(inches) (degrees Fahrenheit) 
1 Shielded 75.0 79.0 77.00 
Bare w/vented cover 76.0 77.0 76.50 
3 Shielded 65.0 65.0 65.00 
Bare w/vented cover 65.0 63.5 6k*15 
6 Shielded 56.0 53.5 51^ .50 
Bare w/vented cover 56.0 52.5 5k»23 
The data indicate that the loivest soil temperature would be 
recorded with a bare themometer providing the translucent strip is 
positioned between the sun smd the mercury column. 
In the above thennameter tests, the depth of immersion was 
measured from the mid-point on the mercury bulb to the surface of the 
water. It is noted that a slight error was introduced into the read­
ings of the thermometers when the depth of immersion was less than 
or greater than the calibratea depth of immersion of three inches. 
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Table 6 
Temperature of covered thermometers 
Method of 
Depth shielding Temperature ^ Ay. 
(inches) (degrees Fahrenheit) 
1 Shielded 
vr/oover 75»0 78»0 66.2 72.0 6l.O 66.2 69.66 
Bare 
w/vented 
cover 73.6 77.k 65.5 72.2 60.5 66.2 69.23 
3 Shielded 
Tif/cover 68.0 70.6 66.0 69.0 63.0 65.2 66.91 
Bare 
iv/vented 
cover 69.8 70.0 67.0 68.0 63.8 66.0 67.43 
6 Shielded 
w/cover 60,0 59.0 60.2 60.2 6O.O 6l.2 6O.I8 
Bare 
'.7/vented 
cover 60.0 58.5 60.2 59.5 60.0 60.0 59.70 
69 • 
Soil temperatures of ridge and furrow 
The soil temperattires of ridge and furrovT were determined 
with laboratory mercurial thermometers at seven different positions 
at three depths. These themiameters are shown located on a ridge 
and in a furrow in Pig. 39. 
The thermometers iirere read at various times during the grooving 
season to determine the effect of season and time of day on soil 
temperatures. A typical set of data is shovm in Table 7 and the 
isothermal lines drawn from it are shown in Fig, ij.0. The isotherms 
approximate the contour of the soil surface profile v/ith the excep­
tion that the depth of any given isotherm ms greater in the ridge 
than in the furrow. 
Figure' lj.1 shows the moisture content of the ridge and furrow, 
comparing the above two figures. There would appear to be a high 
negative correlation between the temperattire of the ridge and its 
moisture content as they are closely interrelated in that the surface 
is warm and dry and the subsoil is cool and moist. 
There are several reasons for the ridge heating above the fur­
row. Only in the case of rows running north and south does the ridge 
receive more radiation than the furrows. This happens when the ridge 
shades the furrow in the early morning and late afternoon. Due to 
its elevation, the gravitational water drains rapidly from the ridge. 
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Table 7 
Typical data sheet for soil temperature reading 
Date: May 18, 1952 Air temp.; 86°P 
Time; 11;50 Mfi V/eather; Sunny 
Position 
on siarface Depth (inches) 
prof ils 1 3 6 
(degrees Fahrenheit) 
A 76.0 57.2 52.0 
B 70.0 56.0 50.5 
c 72.0 69.0 53.5 
D 82.0 60.0 51.0 
E 81.0 72.0 52.0 
F 78.0 66.0 55.0 
G lh'5 62.5 52.5 
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w 
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Fig. ij.0. Isotherms for 11:50 A.M., May 13, 1952 clear sky. The ridge 
was made with the ridge maker. The left furrow ms foixnd to 
be deeper than the right fiirrow. 
• 26.5 
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•26.2 
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•26.0% 
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• 25.3% 
Pig. 14.1. Moisture content for May 17, 1952. 
reducing its specific heat. The result is that a given quantity of 
heat will raise the temperature of the ridge higher than the furrov/-. 
The higher temperature contributes to both evaporation from and fur­
ther drainage of the ridge. The above cycle, with other factors in­
cluded, repeats itself until an equilibrium is established at a 
temperature somewhat above that of the furrow. As shoTP/n in Pig. 39» 
another factor, the limited area of heat transfer between the ridge 
and the soil underneath the ridge, contributes to the higher tempera­
ture of the ridge. There is a similarity between the ridge and a hot 
plug used in Diesel engines. The side of the ridge receives a greater 
quantity of radiation than the top of the ridge or bottom of the fur­
row and becomes hotter because the cosine of the angle between the 
impinging radiation and a line perpendicular to the soil surface 
approaches one (see Fig. 3 andi4.). This heat received by the sides 
flows into the ridge heating up the top of the ridge as well as 
the side not receiving as large a quantity of radiation. If the 
horizontal center line shown in Fig. 39 is considered to divide the 
ridge from the furrow, their radiation receiving areas are approxi­
mately eq\ml. The radiation impinging upon the ridge and furrow is 
the same except as noted above dx.?ring the morning and evening. The 
difference in the temperature of ridge and furrow is brought about 
because the heat generated by the dissipation of radiation in the 
case of the bottom of the furrow flows directly into the mderlying 
7U. 
subsoil, Tfirhile in the case of the top of the ridge, the heat does 
not necessarily pass down into the underlying soil as a -waTe be­
cause it would have to pass through the higher temperature areas 
created by the sides of the ridge. Thus the heat accumulates, 
raising the temperature of the top and/or side of the ridge that 
receives less radiation. 
A series of temperature readings was recorded throughout the 
day at all positions and depths. Figure li.2 is the diurnal tempera-
tiore of ridge and furrow for May 13 and July 6, 1952 for positions 
A, C, D and E at the three-inch depth. 
It is noted that the shoulder positions C and E ivanned to 
higher temperatures than any other position. The three-inch depth 
is considered because seed corn is usually planted just above this 
depth and the mass of the roots of a seedling are definitely locate 
in this area. 
From Fig, lj.2 it can be seen that the diurnal range of tempera­
ture on the ridge is greater than in the furrow and both decrease 
with depth. 
With increased depth, the time of the occurrence of the maximu 
or minimurn temperature comes later. 
It was noted that the maximm temperature at the three-inch de 
seems to occur at around l+xJO PM. A series of readings was made 
throughout the grovnng season at approximately this time of day. 
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Table 8 shoivs the temperature at the three-inch position. Figure 
il.3 sho\TS the aboTe data plotted against calendar date. 
The diurnal temperature curve during the day forms a parabolic 
curve in which the maximum ordinate is reached at approximately 
i+sjO PM. The degree hours above a certain toiiperature could be 
tabulated to show the accumulated heat (degree ho\irs) for the 
various positions, however the relationship between temperature and 
plant growth is not a first power function. As shoTO in Table 1, 
the temperature coefficient of the root grovvth is approximately two. 
In order to analyze the actual benefit of the over-all heat accumu­
lation, each individual day must be evaluated. 
One method of securing a numerical evaluation of the gro-wth 
rate of two given positions is through the use of the temperatijre 
coefficient. Hae temperature coefficient has been defined by 
Equation 1, page 15• 
For any other temperature differential, the temperature coeffi­
cient is defined as folloxvs: 
]£ 
(ii-) Qio - ( 3C) 
A 
where = g 
A = rate of process at T2 
B = rate of process at T]_ 
2^ = "^ 1 +  ^
thus X = T2 - T]_ 
Therefore: 
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Table 8 
Temperatures reading at '^ -xach. depth, at PM 
1952 
Thermometer positions 
Difference Difference 
Ridge Position D Ridge Position C 
Date Furrow D and furrow C and furrow 
(degrees Fahrenheit) 
April 2 1+5.0 49.5 4.5 50.0 5.0 
April 29 71.7 81.3 9.6 - -
April 30 £9.8 74.5 4.7 - -
Ifey 10 51.0 51.0 0.0 51.0 0.0 
llay 12 52.0 52.6 0.6 54.6 2.6 
May 13 63.5 68.0 77.2 13.6 
May 15 60.0 62.8 2.8 66.0 6.0 
May 17 59.2 59.5 0.3 65.2 6.0 
Ife.y 25 67.7 68.0 0.3 74.0 6.3 
June 6 88.5 90.5 2.0 97.5 9.5 
June 12 97.0 98.0 1.0 107.0 10.0 
June 23 80.7 85.0 92.7 12.0 
June 2h 85.0 92.0 7.0 95.2 10.2 
July 6 83.2 88.0 4.8 93.5 10.3 
July 17 86.1 91.2 5.1 - -
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Fig. I4.3, Temperature difference between ridge and furrcjv/ 
79. 
, . /an (5 )  q io  "  (g )  x  
(6) I = (q^q) ^  
for the Fahrenheit temperature scale 
(7) 5 = (Qio) 13 
A 
The ratio of process, (•g), in our present problem is the rate 
of growth of one position (jridge) to iiie rate of growth at another 
Considering Iilay 13 data plotted on Pig. 142 or given in Table 
63.5°F» respectively. 
Prom Table 1, the taaperature coefficient for root growth is 
approximately 2. 
The ratio of root growth between the ridge (A) and furrow (B) 
is calculated as follows: 
position (furrow). 
8, tlie ridge and furrow temperatures at it.:30 PM are 68"^ P and 
(8) I = (2) (68.0 - 63.3) 18 
= 1.19 
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The ratio of gro'/rth for July 6, also sho;vn in Table 8, has 
been calculated to be 1.18. If the seed had been planted in the 
position E, providing moisture did not become limiting, the in­
creased growth rate, when compared vfith the furrow, would have 
been 1«72, 
This same informtion could be secared from a regular growth 
curve such as Pig. ?• The rate of process shown in Fig 7 holds 
for nitrification and ammonification and rate of emergence (see 
Table 1 and Russel, 75)' 
The soil temperatxare of the ridge, furrow and flat was studied 
on May 8, 1954« temperature at the three-inch depth of the 
ridge, furrow and flat at 1|.;00 PM was 6I.5I, 31*1 6l.31j respec­
tively. The furrow was significantly cooler at the one percent 
level than the ridge- or flat-planted corn. Table 9 shows the 
Table 9 
Analysis of variance for temperature of ridge, 
f-urrow and flat surface profiles 
Source of variation Degrees of freedom Mean square 
Replications 
Positions 
Error 
111 2.0383 
69.0916** 
O.8I56 
2 
28 
** Significant at 1 percent level 
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analysis of variance for the above temperature of ridge, furrow 
and flat soil. 
Effect of shape of ridge upon soil temperature 
The higher heating of the shoulder of the ridge suggested 
the possibility of increasing the temperature at the seed depth 
by shaping the ridge to provide maximum heating. 
Accordingly, in 19535 13 shapes of ridges vreve designed. 
Templates v/ere made of plywood and the ridges were built by hand 
\Tith shovels in a ridged field. 
Figures ii4 sind show some of the ridges. Four replications 
were constructed. 
Table 10 describes the shapes of ridges used and the soil 
temperatures recorded. Ridges 1 and 8 most nearly approximated 
field conditions. The offset ridge and the ridges with the t-wo-
inch radius pip had materially higher temperatures at the three-
inch depth. High ridges, 6, 7» 9.and 10, did not have materially 
different temperatures than the lower ridges. In the case of a 
cloudy day, the temperature ivas found to be approximately equal at 
all positions. The offset ridge -was found to have the highest 
temperature of any of the ridges. This special design also per­
mitted the maximum storage of vrater and greatest area for infiltra­
tion. 
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Fig. I4I4., A viev; of the shaped ridge experiment showing corn 
planted crosswise of ridge. 
Fig. i+5* A view of two of the shaped ridges shovjlng the growth 
of corn planted crosswise of ridge. 
Table 10. Soil temperatures of ridge profile experiment 
Day and time of reading 
Ridge May 8* May 28* June 
profile 
number Shape of ridge 
Maximum 
height 
3:00 
PM 
U;30 5.-30 
PM PM 
3.-15 3ji+5 ht3o 5fOO 
PM PM PM PM 
1** 
(inches) (temperature, degrees Falirenheit) 
1 Cosine curve 10 78.9 77.7 75.8 CO
 
•
 0
 
79.5 73.9 73.3 76.3 
2 i^ -in. radius at top sides 10 80.7 79.3 77.8 80.5 79.5 75.0 7h.O 73.3 
3 10-in. circle at top and sides 10 75 M 75.7 71^ .5 81,0 80.0 7U.3 73.9 77.1 
h 14.5° sides 15 — - 81.0 79.6 75.0 7I1.5 77.1 
5 10-in. radius 10 78.5 78.0 76.5 81.U 80.1 75.3 7i;.5 76.9 
6 60° sides 16 76.0 78.0 77.0 77.2 
7 Cosine curve 16 77.0 77.0 75.2 - - - 78.0 
8 sides (theoretical ridge) loi 79.7 76.7 77.9 79 .U 79.3 73.5 73.3 76.8 
9 Parabolic 16 80.5 79.0 77.5 81 .ij. 80.3 76.1 75^6 -
10 Circle 16 79.0 78.0 76.0 — .. 77.0 
11 Offset 10 85.7 83.3 81.9 85.0 83.2 80.0 78.9 77.7 
12 14.5° sides with 2-in. pip*** 12 82.8 83.0 77.0 82.0 80.7 77.0 76.0 77.5 
13 Cosine wave with 2-in. pip 12 e^ !..3 83.3 ®.5 80.9 79.7 76.5 75.6 -
Furrow _ 72.0 - 67.5 72,h 
Flat 
- - 78.0 - - 67.5 70.5 
* Warm and sunny weather 
** Cloudy weather 
***The pip was half circle with a 2-inch radius superimposed on ihe basic ridge profile 
ail-. 
The above data indicate that the temperattire of the seed 
layer was materially altered by the shape of the soil surface 
profile. 
Temperature of primary tillage experinient 
The toaperatures of the tillage plots recorded on June l6, 
1955> Table 11, show that a vd.de range did not exist between the 
various primary tillage plots. 
Table 11 
Effect of cultivation on soil tem.perature 
primary tillage experiment 
June l6, 1953 
Primal^ 
tillage Cultivation treatment 
system Depth Cult ivation Ho cultivation Av. 
(inches) (degrees Fahrenheit) 
Ridged 3 88.8 90.8 89.8 
6 82.7 ai+.o 83.14-
Conventional 3 88.2 90.0 89.1 
6 81.8 83.0 82^ 
Ohio system 3 86.3 90.6 89.0 
6 79.7 83.4 81.6 
Listed 3 88.6 88.6 88.6 
6 al+.o 82.3 83.1 
Av. 3 88.0 90.0 89.0 
6 82.1 83.2 82.6 
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The first cultivation of the tillage cultivated plots materi­
ally reduced the depth of the listed furroiv and caused a small 
ridge to be thro^m up in the case of the conventional and Ohio 
system plots. 
There was a v/ider but non-statistical difference of tempera­
tures in the case of the cultivated vs. imcultivated tillage plots. 
The effect of cultivation on temperature will be further discussed 
in the next section. 
The statistical analysis examined without regression due to 
depth showed that there was no statistical difference due to 
tillage treatments or cultivation but a very high significance due 
to depth. The cultivations had so changed the soil surface profile 
in this experiment that there was no real difference in soil tempera 
ture on June 16, 1955• 
Effect of cultivation, shade and ridge height on soil temperatiare 
King (I4.7, P« 222) suggests that tillage tends to make the seed 
bed warmer but presents no data to support the statement. Later he 
does present data showing that a shallow cultivated soil was warmer 
than a deep cultivated soil. 
Bouyoucos (12) found that the average temperatures of a culti­
vated, uncultivated and sod soil for I^y, June, July and August were 
66.21, 65*08, and 6I.i9 at the three-inch depth, and 65»81, 6k*^3 
and 60.60 at the six-inch depth, respectively. 
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The iincultivated plots were kept mdisturbed but free of weeds by-
scraping. The cultivated plots were tilled after each rain. The 
sod was uncut alfalfa ard grass. The data of King and Bouyoucos were 
only in part substantiated by the expermental work which follows. 
At the Agricultural Engineering Research Farm the temperatixre 
of the soil was measured immediately (within two hours) after cul­
tivation on June l6, 1955 in the morning. The temperature data have 
been presented in Table 11. The cultivation reduced the temperature 
2°F at the three-inch depth and 1°F at the six-inch depth. The 
cooling effect has been ascribed in part to the rapid evaporation 
which takes place from soils with a high moisture content. On 
July 18, 1953» the moisture content of the above soils was 30*6 and 
33»8 percent at the three- and six-inch depths, respectively. 
Table 12 shovrs that a soil cultivated after an earlier rain 
was cooler than the uncultivated soils. 
Table 12 
Effect of cultivation upon ridge temperature 
July 2, 1954 
Cultivation treatment 
Date Depth Cultivated Uncultivated Difference 
(degrees Fahrenheit) 
June 30 1 
3 
6 
IO8.3 
92.9 
87.6 
112.2 
96.6 
91.0 
3.9 
3.7 
3di. 
July 2 3 
6 
88.0 
83.2 
90.3 
85.1 
2.3 
1.9 
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On July 9» 1953J cviltivating (Table I3 and iLi.) produced a 
highly significant increase in the soil temperature, at the 
three-inch depth and l+.T^F at the six-inch depth approximately six 
hours after cultiTOtion. The moisture content was 26.9 and 29*9 
percent at the three- and six-inch depths, respectively. 
Table 13 
Effect of cultivation upon soil temperatwe 
July 9, 1953 
Cultivation Depth (inches) 
treatments 3 6 
(degrees Fahrenheit) 
Cultivated ioh»3 92.9 
Uncultivated 99.1; 87.2 
Table 15 shows the temperatures at the three- and six-inch 
depths on July 17, 1953, at i4.:00 PM, The cultivation was performed 
in the morning. Statistical analysis. Table I6, of the split plot 
experiment shov/ed positions and cultivations to be significant at th 
0.1 percent level. The fact that the ridge is warmer than tiie fia*-
rotr has been proved above, but this table shows that there is a 
definite warming of the soil of as much as 2.60°P at the three-inch 
depth due to cultivation. 
The above data indicate that the effect of cultivation on soil 
temperature is a complex fimction. 'il/hether the soil heats or cools 
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Table 1!+ 
Analysis of variance of cultivated and uncultivated soils 
July 9, 1953 
Source of variation Degrees of freedom Mean square 
Three-inch depth 
Replications 9 5.3388 
Cultivations 1 120.05* 
Error 9 8.272 
Six-inch depth 
Replications 9 1.6055 
Cultivations 1 l62.ij.5* 
Error 9 6.005 
}fe 
Significant at 1 percent level 
Table 15 
Effect of cultivation and position on soil temperature 
July 17, 1953 
Cultivation treatment 
Position Depth Cultivation Ho cultivation Difference 
(, inches } (degrees Fahrenheit) 
Ridge 3 91.2 88.6 2.6 
6 85.2 83.8 l.i+ 
Pttrrow 3 86.1 85.2 0.9 
6 81.5 80.8 0.7 
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Table l6 
Analysis of variance of cultivation and position, on 
soil temperature at the 3~ 6-inch, deoths 
July 17, 1953 
Source of variation Degrees of freedom Mean square 
Replications 
Position (P) 
Error (a) 
Cultivation ( c )  
P X C 
Error (b) 
Total 
Replications 
Position (P) 
Error (a) 
Cultivation ( c )  
P X C 
Error (b) 
Total 
3-inch depth 
19 
1 
19 
1 
1 
38 
79 
6-inch depth 
19 
1 
19 
1 
1 
79 
10.078 
369.65!).*** 
2.587 
62.128*** 
II1..978*** 
1.-323 
109.736*** 
2.076 
15.077*** 
2.230 
1.261 
*** Significant at 0.1 percent level 
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following a cultivation, or at any time after the cultivation, ap­
pears to be dependent on the moisture supply and time of season. 
While increased evaporation could account for the immediate cooling 
of a soil, it cannot be a factor ten days after the cultivation. 
The dry layer of surface soil acts as an insulation layer between 
the lower soil and the warmer surface soil. The roughness of the 
surface of the cultivated soil should make it a better receiver of 
radiation than "the dense crust of the uncultivated soil. Also, as 
shown in Table 3j soils are a better conductor of heat than dry 
The effect of plant shading on the soil around the roots was 
studied on July 2, 195^* The effect of shade produced by the corn 
plant is shown in Table 17. The corn was approximately two-feet 
soils. 
Table 17 
Effect of plant shading on soil temperature 
July 2, 195U 
Primary 
tillage 
system 
Position of thermometer 
with respect to svai 
Depth Shade Sim Difference 
(inches) (degrees Fahrenheit) 
Ridge 5 
6 
91.7 
82.9 
97.2 
85.1 
5.5 
2.2 
Conventional 3 
6 
88.8 
82.9 
91.2 
8l4.,6 
2,h 
1.7 
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high and the data were taken at ij-sJO PM. The data show that the 
shadow cast by the plant lowers the soil temperature. This effect 
is quite desirable in the summer but undesirable in ihe spring. 
The primary detriment of a straw mulch and/or early weeds and grass 
may be the effect of their shading has upon soil temperature and the 
continued depletion of the reduced supply of aTOilable nitrogen. 
During the third cultiTation of the comrentional tillage system 
a small ridge is throvm up with the disk-hiller. Table 18 shows 
that this small ridge becomes warmer than the shalloTi'r furrovr but 
nerer as hot as the ridge used in the ridge farming system. 
Table 18 
Effect of ridge height on soil temperature at 6-inch depth 
July 2, 195^4-
Position 
Height 
of ridge Row Middle 
(inches} (degrees Fahrenheitj 
Ridge 10.1 88.2 81.3 
Conventional 5.8 87.0 au.o 
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Soil Vfeter 
Of the four physical factors (temperature, water, air and 
structure) contributing to the efficient growth of corn in Iowa, 
water appears to provide the greatest challenge for accurate con­
trol. Occasionally there is too much water for the healthy growth 
of corn, but more often there is too little. 
Research has shown that it takes approximately 20 inches of 
water to produce a corn crop. A loss of two inches can be disas­
trous while two inches above optimum might mean some drowned corn 
and/or weedy corn due to delayed cultivations. Minor drainage prob­
lems in some fields may be completely alleviated by plajiting the 
corn on ridges. However the study of the overall drainage problem 
is beyond the scope of this thesis. The water conservation methods 
studied were directed toward saving at least two inches of water 
normally lost from sloping land and thereby controlling the soil 
and nutrient losses. 
Soil, water and nutrient losses from contour-farmed watersheds 
Soil and water losses from sloping land have been measured with 
lysimeters at the Yfestern Iowa Experiment Fam at Castana, Iowa, 
(77)• Table 19 shows the soil and water losses from corn land as 
affected by cropping system. The data indicate that there is an 
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Table 19 
Soil and water losses from corn land as affected by 
cropping s;;stems, Ida silt loam - 19i+8-52* 
Rotation and method of planting Soil loss Rim-off 
(tons per acre) (inches) 
Corn-oats (sweet clover catch) 
Surface planted up-and-down-hill i4..02 
Surface planted on the contour lO.SLf. 2.78 
ContoTxr listed 3 •37 1.65 
Corn-oats -meadow-meadovf 
Contour listed 1»79 0.95 
* Total average rainfall - 29.15 inches; slope - lit. percent; 
length of slope - 72.6 feet. Prom (77) 
extremely high loss of water and soil from the "up-and-down-hill 
farming" system. The plots which were "surface planted on the 
contour" lost approximately three times as much soil and nearly 
twice as much water as the listed plots in the same rotation. 
This saving on the listed plots was accomplished in spite of the 
fact that the listed furro\"/s were not maintained throughout the 
grovd.ng season but were obliterated by the second cultivation 
which threw the soil to the corn for weed control. 
The loss of plant nutrients is directly proportional (28, 
p. 8.l6) to the soil loss however the eroded particles contain a 
higher percentage of nutrients than the original soil, and these 
nutrients are often much more available. 
Prevert (28, p. 8.I6) presents data obtained by Moody -which 
show the increased loss of nutrients and soil ivith slope. 
Stoltenberg (87) studied the nutrient losses frcm small (two 
to three acres) xvatersheds of five percent slope. Here again it 
was verified that erosion is a function of amount and rate of run­
off. The nutrient losses for the two tj^es of watersheds are set 
forth in Table 20, The average rainfall was h3»7^ inches per year. 
The soil loss and water run-off of the "prevailing practice" and 
"conservation" watersheds were 2,09 and 0,62 tons per acre and I4..65 
and 2,60 inches, respectively. Reducing the velocity of the water 
by conservation practices caused the dropping of the larger parti­
cles but the lighter fines were often carried away by the run-off. 
The insidious nature of erosion is shovm in that the eroded material 
contained a highly significantly greater percentage of plant 
nutrients than the soil itself contained. These data contradict the 
concept that a slight amomt of erosion is beneficial to the soil 
forming process, 
Baird (1|.) reported the effect of soil conserving practices on 
two Texas watersheds. He stated that by these practices the run-off 
of four rains was reduced from 22,2 percent to 13«9 percent. 
Fisher (29) studied the value of water stored two to three feet 
under the soil surface and found a correlation coefficient between 
available ivater at that depth and yield of cotton to be He 
found that one inch of water saved from run-off produced a higher 
Table 20 
Nutrient in the soil eroded from small watersheds* 
Soiiroe of Composition of eroded soil 
System of farming soil sample OM N P2O5 K2O CaPO: 
percent) 
Prevailing Surface soil 3.35 0.158 0.051 0.100 1.02 
system 
Eroded material 4.13 0.275 0.093 0.073 1.52 
Conservation Surface soil 3.58 0.168 0.058 0.012 1.09 
system 
Eroded material k*93 0.349 0.111 0.152 2.09 
* Prom Stoltenberg (87) 
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yield of cotton worth. $5*51 whereas if the water were stored at 
the two- to three-feet depth, it produced crops worth #25.60 per 
acre per year greater them the check plots. The implication is 
that the run-off water might be the water which would have been 
stored at the two- to three-feet depth. For land with 0.5 percent 
slope, the 26-year average run-off from straight row, contoivr list­
ing and contour listing plus closed end level terraces was 2.75j 
1.95 aJid. 0 inches per year. The average yield of cotton lint 
produced was 117, 3i+6 and 188 lbs/acre, respectively. 
The above data indicate that soil conservation practices of 
contoured listing and level terraces reduced rm-off, thereby saving 
soil, '.mter and nutrients, and in t-urn, returned a higher cash incor. 
to the farmer. 
Moisture content of the primary tillage experiment 
The moisture content profiles of the primary tillage plots were 
sampled approximately every ten days during the 1953 crop year. To 
determine this moisture content and the bulk density of the soil at 
various depths a three-inch undisturbed soil core sampler shoivn in 
Figs. i}.6 and U? was constructed. 
Table 21 shows the moisture content of the tillage plots during 
the early part of the ci'op year. These data have been plotted to 
show the moisture content vs. depth profile in Fig. i+S. Table 22 
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Fig, ij.6. Three-inch undisturbed core sampler and 
Fig. U7. Three-inch core sampler. 
Table 21 
Moisture content during the growing season 
primary tillage experiment 
Primary Time in 
tillage growing Depth (inches) 
system season 0-2 24^  k-b 6-8 8-10 Av. 
(percent) 
Ridged Early* 
Late** 
18.1^5 
15.77 
25.97 
19.09 
27.60 
20.21 
28.32 
20.87 
28.22 
20.61 
25.71 
19.05 
Conventional Early 
Late 
18.29 
16,41 
27.64 
20.36 
30.00 
21.59 
29.06 
21.64 
27.85 
21.34 
26.57 
20.15 
Ohio system Early 
Late 
19.54 
16.21 
30.10 
20.47 
31.85 
22.00 
33.06 
22.92 
32.89 
23.04 
29.49 
20.94 
Listed Early 
Late 
19.97 
15.63 
30.94 
19.74 
33.17 
22.52 
30.89 
22.93 
28.72 
21.69 
28.74 
20.59 
* Early u average of three replications taken on June 18, Jxme 23 and July 6, 1953 
** Late • average of six replications taken on August II4. through August 22, 1953 
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Pig. i|8, Moistiire content vs. depth profile, primary tillage 
experiment. 
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shows the moistxire content for the latter part of the crop year. 
Averages of these data have also been plotted in Pig. i+S. 
The analysis of variance of the moisture content data set forth 
in Table 22 is given in Table 23. 
^ would be expected, there -was a very highly significant mois­
ture content difference due to depth, but there was no real difference 
attributable to tillage, fertilizer or spray treatments. As shown in 
Table 22, several first and second order interactions proved to be 
significant. Of those, the fertilizer vs. tillage interaction is 
the most interesting in that it indicates that the difference in 
crop growth due to certain combinations of fertilizer and tillage 
treatments may have affected the moistxire content. 
The land iwhere the primary tillage experiment was laid out was 
level and very little water run-off was observed during the 1953 
growing season. A non-significant difference of approximately one 
percent less moisture was found between the ridge-farmed and con­
ventional-farmed plots in the upper 10 inches of their respective 
root beds. The 10 inch surface layer of the furrow (listed) farmed 
and the Ohio system of farming contained more moistxH-e than the above 
two. Only in the case of the Ohio sjratem of far^iiing did the moisture 
content continue to increase with depth. Its soil moisture vs. depth 
profile shown in Fig. i+S does not exhibit the characteristic decrease 
in moisture content beloiT the 6-inch depth foxmd in the other tillage 
systems. 
Table 22. Moisture content of primary tillage experiment 
August lij. to 23, 1953 
Depth (inches) 
Ferti­ 0-2 2-k 4-6 6-8 8-10 Av. 
Primary lizer Pre-emergence spray treatments* 
tillage 
system 
treat- S N 
ments** At. 
S 11 
Av. 
S N 
At. 
S N 
Av. 
S N 
Av. 
S N 
Av. Av. 
Ridged P 
0 
m.l8 15.99 
16.20 Ih'hl 
17.61 17.57 
19.1|2 18.8L| 
(percent) 
19.87 18.90 20.26 18.89 
20.69 21.58 22.52 21.79 
20.09 18.91 
21.71 21.76 
18.52 17.89 
20.12 19.65 
18.21 
19.89 
At. 15.77 19.09 20.21 20.87 20.61 19.05 19.05 
Conven­
tional 
P 
0 
14.62 17.09 
18.06 15.87 
19.1|1| 20.87 
21.27 19.88 
21,1|9 21.95 
21.15 20.97 
21.70 22.01 
21.29 21.57 
21.66 22.07 
20.42 21.19 
19.79 20.80 
20.50 19.90 
20.50 
20.20 
Av. 16.11.1 20.56 21.59 21.64 21.3!+ 20.15 20.15 
Ohio 
system 
P 
0 
16.70 18 .ill 
16.1+2 13.30 
21J1I 20.97 
20.50 19.00 
22.92 21.7i| 
21 .ij2 21.92 
24.56 22.68 
21.71 22.71 
24.13 22.89 
21.75 25.41 
21.94 21.57 
20.56 20.07 
21.66 
20.22 
Av. 16.21 20.1|7 22.00 22.92 25.04 20.94 20.94 
Listed P 
0 
17.59 15.69 
111 .1+1 1I1.83 
20.38 19.I16 
19.1|2 19.69 
25.16 21.59 
25.06 22.45 
25.46 21.65 
22.80 25.79 
21.75 21.74 
20.68 22.62 
21.52 19.99 
20.07 20.67 
20.66 
20.57 
Av. 15.63 19.7ii 22.52 22.95 21.69 20.59 20.59 
At. P 
0 
15.77 16.80 
16.27 111.61 
19.71 19.72 
20.15 19.55 
21.86 20.99 
21.58 21.68 
22.50 21.31 
22.08 22.47 
21.90 21.65 
21.Ill 22.25 
20.59 20.01 
20.26 20.07 
20.20 
20.16 
At. 15.86 19.73 21.55 22.09 21.75 20.18 20.18 
^ e% S = pre-emergence spray; N = no pre-emergence spray 
*» 
P = starter fertilizer; 0 • no starter fertilizer 
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Table 23 
Analysis of variance of moisture content 
primary tillage experiment 
Source of variation 
Degrees of 
freedom Mean square 
Replications 5 223.6208 
Tillage (T) 3 78.5162 
Error (a) 15 66.8230 
Starter fertilizer (F) 1 0.11^1 
P X T 3 49.3030* 
Error (b) 20 10.5032 
Spray (S) 1 10.1326 
S X T 3 3.4036 
S X P 1 1.1761 
S X T X P 3 15.7594 
Error (c) 40 16.2639 
Depth (D) U 636.4968** 
D X T 12 6.0524** 
D X P U 5.6202* 
D X S h 2.6621 
D X F X T 12 4.9275** 
D X S X T 12 1.2467 
D X S X P h 16.9549 
D X S X T X P 12 3.4282 
Error (d) 319 2.1711 
Total 478 
* Significant at the 5 percent level 
** Significant at the 1 percent level 
A study of the bulk density vs.depth profile shovm in Pig. 55 
shows that the dense-layer soil of the listed plots prevented the 
deep percolation of water. 
The analysis of the above data indicate that on level land the 
amotjnt of water available for plant growth is essentially the same 
for all farming systems tested. 
Physical dimensions of the ridge, water storage capacity and velocity 
•When the ridge is formed by the plow, its height varies from 13 
to 17 inches. The hipping and treading operation reduces the height 
of the ridge to 10 to 12 inches and leaves the ridge shaped similar 
to the cosine wave as shown in Fig. i;9* During the planting opera­
tion, the planter further reduces the height of the ridge by moving 
soil laterally to the shoulders and thereby forming a small furrow 
approximately two inches deep along the top of the ridge. The packing 
wheel during the planting of the ridge forms a miniature ridge 
within this small furrow. This miniattire ridge ivith its convex 
shape contributes to the easy emergence of plants (see Randolph 69). 
At this time the main ridge loses its cosine v/ave shape and assmes 
a somewhat trapezoidal shape with approximately l\.5° angle sides as 
was shown in Pig. 39* The ridge retains this trapezoidal shape until 
the first cultivation at which time the ridge regains its cosine 
shape and about two inches of height. Rains reduce the height of 
1QI+. 
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Fig* Soil stirface profile showing similarity between the cosine 
wave and soil line. 
the ridge "both by settlement and erosion. The second cultivation 
again rebuilds the ridge, adding hei^t and increasing the width 
across the top. 
Weathering action again reduces the height of the ridge. The 
final height of the ridge at harvest time, sho\'m in Fig. 14,9, was 
9.5 inches. 
Calculations were made on the theoretical ridge, shown in Fig. 
59» concerning the water storage capacity and the velocity of flow. 
Considering zero infiltration, and effective heigjh.t equal to ridge 
height the ridge has a water storage capacity of 1«97 inches when 
one-half full and 5»25 inches when completely full. 
The air-soil interface of ttie ridge is approximately 20 percent 
greater than a level surface, however the water-soil interface of a 
one-half full ridge is only 35*7 percent of that of impo-unded water 
on a level surface. This reduced area of potential infiltration of 
the furrow presents a difficult problem and will be discussed further 
in another section. 
The velocity of water flowing in the furrow with various slopes 
is shown in Table 2l+. The velocity was calculated from Tfe.nning's 
formula using a value of "n" equal to 0.025 (l). Considering again 
the problem with no infiltration. Table 25 shows the rainfall, inches 
per hour, which the furrows are capable of conducting off the land 
imder a "steady state" condition from 1000-feet rows. This table 
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Table 2k 
Yelocity of water in furrow at different slopes and 
depths 
Depth of mter Slope ^ jeroent) 
^ furrmy 0.5 1*0 1«5 2,0 2.5 
(inches) (velocity of water ft/sec} 
1 .75 1.03 1.25 1.45 1.61 
2 l.Oi; 1.75 2.01; 2.26 
3 1.3U 1.88 2.28 2.65 2,9k 
h 1.52 2.18 2.63 3.07 3J^l 
5 1.72 2.43 2.96 3.14+ 3.82 
Table 25 
Rainfall, inches per hour, which water furrow is capable of 
conducting from field at different depths at various slopes 
from 1000-feet row under steady state conditions 
Depth of Slope (percent) 
water in ridge 0.5 1.0 1.5 . 2.0 2.5 
(inches) (rainfall. inches per hour) 
1 0.71 1.02 1.23 l.i42 1.58 
2 2.22 3.08 3.7i^ k»35 4.02 
3 k.6k 6.50 7.90 9.16 13.60 
k 7.52 10.75 12.96 15.12 16.80 
5 13.33 18.88 22.95 26.65 29.60 
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brings out the potential high cross slope carrying capacity of the 
ridges. 
The possibility of using contoured ridges with extremely flat 
slopes is indicated in Table 25» Of particular interest is the 
ridges' ability to move water at relatively shallovf depths cross 
slope from areas of low infiltration to areas of high infiltration. 
It should be noted that the theoretical ridge approximates the shape 
of the ridge betvreen the time of planting and first cultiration. 
Percolation of tmter into furrow 
lull (90, p. 3hh) suggested there were variations in the moisture 
content betrreen ridged and flat land. 
Hilgard i33> P« 236) presents drav/ings of the position of the 
wetted front at specific time intervals after furrov/ irrigation. His 
graphical presentation shoived the increased percolation resulting 
from wide furrows and from deep furrows. The deep furroivs v/ere found 
to be especially desirable because of the increased infiltration and 
the resulting deeper placement of the water. 
Haise (33) using a glass-faced soil lysimeter follovred the ad­
vance of the wetted front during furrow irrigation in sand. He used 
dyes to determine the stream lines, the wetted front being the 
equipotential line. In sands, the wetted front moves doT/-nward faster 
than sidev/ise. If/hen the wetted front met at -ttie center of the ridge. 
the Twater (shcpjvn "by the moTement of the dye) flc/red vertically down­
ward. During leaching conditions, the least amount of water flowed 
through the ridge. This fact formed the basis for recoinmending that 
fertilizer be placed in the ridge to reduce leaching losses. 
Taylor (88) studied the loss of infiltration capacity of a fur-
rcm irrigated orchard due to the traffic in the furrows. The 
rmtraveled furroxvs had three times the infiltration capacity of the 
traveled furra/zs. (See Pig. 570 
The moisture content of iiie ridge and furrcr;/ was determined in 
1952 and 1953* Table 26 shows the moisture content of ridge and -ttie 
neighboring furro%'/. 
The data indicate that the largest amount of available v/ater was 
found in the upper soil portion of the furrow soil and in the lower 
portion of the ridge. The characteristic increase of moistvire con­
tent at the lovTer depths of the ridge lias been observed in all mois­
ture tests conducted in this study. This high moisture layer of the 
ridge at the eiglit and one-half-inch depth of an approximately ten-
inch ridge v/as seven inches above the similar high moisture layer of 
the furrow. The 1952 data are an average of Hay 17, Jxme 2U and July 
6 moisture contents while the 1953 data were taken on July 6. 
TiTlhile the available moisture in the surface 10 inches of soil is 
higher in the furrovf than in the ridge, it is believed that deeper 
sampling would have automatioally tipped the balance in favor of the 
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Table 26 
Moisture content of ridge and furrow 
Fxxrrow Ridge 
Depth 1952 1953 1952 1953 
(inches) (percent) (percent} 
1/2 13*h2 16.89 11.25 8.07 
1-1/2 21.52 22J4.8 19.11 20.76 
2-1/2 23.29 25.13 21.57 21.16 
3-1/2 23.91; 23.38 23.95 21.36 
i;-l/2 23.80 2U.72 23.80 23.65 
5-IA 25.1+0 26.36 25.314 2i+.73 
6-1/2 21+.OU 24.65 2i)..06 25.66 
7-1/2 2L1..O8 23.39 25.15 25.20 
8-1/2 23.8U 21,61}. 25.01+ 2I+.61 
9'1A 22.89 20.88 25.70 23.76 
Av, 22.62 22.95 22.50 2ij..00 
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ridge as its moisture content was much higher than the furrow at 
the 10-inch depth. 
A test ims conducted to determine the effect of compaction on 
the movement of the wetted front in soils in a single row soil lysi-
meter. 
The soil ivas wetted "by furrow irrigation to field capacity 
several times after the filling of the box to develop structure in 
the disturbed soil and then dried by air until the furrow ivas only 
sli^tljr damp on the surface. Figure 50 shows the progress of the 
wetted front during one of the wetting cycles. 
The soil in the furroiv vr&s compacted by applying 20 pounds per 
square inch pressure. Figure 51 shoriTs the progress of the wetted 
front after compaction of the furrow. 
Drainage of the ridge 
Observation of ridge-farmed corn has shown that following a rain, 
the siirface soil of the ridge dried ahead of that of "the furrow. 
However this more rapid draining and drying at the top of the ridge 
due to its increased elevation does not necessarily mean an extreme 
loss of moisture. 
The soil, after wetting, drains to field capacitor within BLj. hours. 
The moisture content of a soil at field capacity is dependent upon 
the temperature as ims shown in Fig. 8. As the soil warms the imter 
drains dovm into the soil and is stored there for plant growth rather 
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Fig» 50* Progress of the wetted front in ridged soil with ttncom 
pacted furrow. 
Fig. 53-. Progress of the v/etted front in ridged soil with a com­
pacted ftirrovr. 
than being lost by evaporation. It Tvas demonstrated by Buckingham 
(3J4.) that OTer a period of time soil mth a high surface tempera­
ture actually loses less imter than soil -with a lower surface tem­
perature, The loss "vms slightly more rapid at the beginning of the 
experiment but once a layer of dry surface soil -was formed, little 
additional water was lost; v/hereas in t he case of the soil with the 
lower temperature, moisture losses continued throughout the experi­
ment. The reason for this was that the water lost by evaporation 
from the soil surface v/as not replaced rapidly enough by capillary 
floiT to maintain the film contact between the soil particles. 
Several days after a rain at the Agricultural Engineering 
Research Fam the temperatures of a ridge and furrow on the edge of 
sin undrained area were read before the ridge had dried enough to show 
a change in color. No temperature difference was noted betvreen the 
ridge and furrow. Some distance frora the "pot hole" where a dry 
crust had fomed on top of the ridge a higher temperature was re­
corded. 
The above analysis shows that a portion of the mter in ih.e upper 
section of the ridge is lost by drainage rather than evaporation. 
Soaked seed 
Physically, the problem of gemination is basically the problem 
of satisfying four environmental factors, i.e., gas, liquid, heat 
and chemical plus the dimension of time. As already indicated in 
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the literature review, the rate of germination is a function of 
temperature. 
TiYhen the seed is planted by regular planting equipment -within 
a few inches of the soil surface, oxygen is rarely limiting. This 
is supported by the oxygen reading made in the shaped ridge experi­
ment given in Table 31* Under flooded conditions, extending over a 
period of time, oxygen does become limiting to the germination 
process. 
If the gas and heat environment is within the gemination 
range, the third ingredient, ivater, becomes the limiting factor in 
the germination process. 
Soil moisture contents belov/ the permanent wilting percentage 
of the host soil do not enliance the germination process although 
seed respiration is increased and fungi growth induced (see 39)* 
Moisti:ire contents of ^0 to 70 percent of the field capacity of 
the soil have been found to complement the germination process 
(59, p. 169). 
Gusev and Razdragev (31) conducted nmerous experiments on 
various crops with various salts. 
Using the yield of liie untreated dry seed as 100 percent, the 
vra-ter-treated seeds yielded lOlj. percent. The l'IaH2PC^~treated seeds 
yielded 133.5 percent. 
During the soaking period in water, numerous investigators 
(32, 72, 73) have found that nutrients were lost by the corn seed. 
The suggestion is made (72) to use a limited amount of vra-ter, or 
iiU. 
place in the vra.ter leachable salts to reduce the specific free energy 
gradient "between seed and solution. In this manner, phosphate and 
potassium and other nutrients have actually been absorbed by the seed 
(32) dwing the soaking period. 
It is obvious from the above discussion that if the moistiure 
necessary for germination could be supplied prior to planting, the 
time of imbibition (approximately one to three days) would be elimi­
nated and the aTOilable moisture surrounding the seed would be avail­
able for seedling groTrfch. 
Guttay (32) found that the soaking of seed in 30 percent solution 
of E[aH2P0j^*H20 for 2)4. hours did not materially reduce germination 
when compared to dry seed or seed soaked in distilled v;ater. The 
phosphate seed treatment highly significantly increased the corn 
yield on Webster-Clarion complex and Monona silt loam soils. 
Babcock (2) found that viable corn genninated only 60 percent 
after being immersed in 20 times its weight of boiled -water for 72 
hours. 
Robinson (73) studied the percent germination of corn immersed 
in water from 1 to 72 hours. The check had a germination of 98 per­
cent. The immersion of 1, 2, i;, 8, 2i}., i+S and 72 hours gave germina­
tions of 97» 98, 96, 97«7» 97»7> and 7^.7 percent, respectively. 
The rate of emergence and percent germination of soaked com in 
the greenhouse was studied diiring the winter of 1951~52 and 1952-53 
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to determine the feasibility of introducing the water in the seed 
ahead of planting. 
In order that all of the seeds could be planted at the same time, 
the different lengths of soaJking time were secured by setting a new 
jar of seed to soak each day. The seeds were soaked in distilled 
water from 1 to II4. days. The room vms completely dark and held at a 
constant temperature of 26°C, In addition to the above lij. treatments, 
dry seed and freshly wetted seed were added to make a total of I6 
treatments. 
These treatments were planted in sand •which moistiire content 
was at field capacity and placed in the Agronomy greenhouse germinator, 
a dark constant temperature room held at 27°C. 
Six replications were used, planting 10 seeds of each treatment 
in each replication. 
Table 27 shov/s the average percent of plants which were emerged 
on a given day. The seeds soaked for only one day had a 63.3 percent 
emergence on the fourth day after planting while dry seed did not have 
that high emergence until the eighth day after planting. Table 28 shows 
the percent of plants which emerged on any given day. These data have 
been plotted on Fig. 52 and show that the maximm rate of emergence 
was attained by the one day soaked seed on the third day of planting 
while the dry seed attained its maximum rate on the eighth day. 
Figure 53 shows one replication of the experiment on the fifth day 
after planting. The sand was vra.tered on the fifth day. 
Table 27 
Emergence of seed corn soaked different lengths 
of time 
Length 
of Days after planting 
soaking 3 4 5 6 7 8 9 10 11 13 
(days) (percent emergence) 
0 dry 0.0 10.0 18.3 21,7 30.0 86.7 98.5 98.5 98.5 98.5 
0 wet 5.0 13.3 15.0 23 35.0 85.0 93.4 95.0 95.0 95.0 
1 33.3 63.3 65.0 65.0 76.7 92.3 96.0 98.5 98.5 98.5 
2 18.3 30.0 33.3 35.0 36.6 90.0 93 A 95.0 95.0 95.0 
5 15.0 33.3 i+0.0 ij.1.6 50.0 76.7 91.6 96.7 96.7 96.7 
k 10.0 • 
C
O
 
20.0 28 J; 33.3 70.0 81.6 66.7 86.7 88.3 
5 21.6 3I+.0 38^ 1. 384 58.11 86.7 96.6 98.5 100 .0 100.0 
6 1.6 8.3 10.0 15.0 20.0 I4.O.O i|.8j+ 50.0 50.0 51.6 
7 0.0 6.7 8.3 8.3 21.7 35.0 h3-k 1+5.0 U5.0 45.0 
8 0.0 6.7 6.7 10.0 21.7 35.0 
C
O
 
1+0.0 1+0.0 1+0.0 
9 3.2 11.3 18.3 20.0 28.3 50.0 60.0 65.0 65.0 68,3 
10 0.0 0.0 0.0 1.6 1.6 5.0 • 5.0 5.0 5.0 6.7 
11 1.6 10.0 13.3 16.7 1+6.7 71.7 83.3 83.3 86.7 86.7 
12 0.0 0.0 1.6 1.6 10.0 18.3 23 31.6 31.6 31.6 
13 0.0 0.0 0.0 0.0 0.0 3.3 6.7 10.0 10.0 11.6 
3i+ 0.0 0.0 0.0 0.0 0.0 3.3 6.7 8.3 8.3 8.3 
Table 28. Rate of emergence of seed corn soaked different lengths of time 
Length 
of 
soajting 3 
(days) 
0 dry 0 
0 wet 5 
Days after planting 
~7 9""^  11 (percent of seed per day) 
13 
Final 
emergence 
(percent) 
98.5 
95.0 
Height 7 
days after 
planting 
(cm) 
9.1; 
7.8 
10.0 
8.3 
8.3 
1.7 
3.U 
8M 
8.3 
11.6 
56.7 
50.0 
11.8 
7.U 
0.0 
1.6 
0.0 
0.0 
0.0 
0.0 
1 
2 
3 
1+ 
33.3 
18.3 
15.0 
10.0 
30.0 
11.7 
18.3 
8.5 
1.7 
3.3 
6.7 
1.7 
0.0 
1.7 
1.6 
8.ij. 
11.1 
1.6 
84 
i|.9 
15.6 
53 .U 
26.7 
36.7 
3.7 
3.U 
2.5 
1.6 
14.9 i;.i 
11.6 13.9 
0.0 
0.0 
0.0 
20.0 
0.0 
0.0 
0.0 
1.6 
98.5 
95.0 
96.7 
88.3 
10.5 
8.8 
10.6 
11.3 
5 
6 
7 
8 
9 
10 
11 
12 
21.6 
1.6 
0.0 
0.0 
3.2 
0.0 
1.6 
0.0 
12 J; 
5.7 
6.7 
6.7 
8.1 
0.0 
8.1+ 
0.0 
1;.1|-
1.7 
1.6 
0.0 
5.0 
0.0 
3.3 
1.6 
0.0 
5.0 
0.0 
3.3 
1.7 
1.6 
3.3 
0.0 
20.0 
5.0 
13.1; 
11.7 
8.3 
0.0 
30.0 
8.U 
28.3 
20.0 
13.3 
13.3 
21.7 
3 J 4  
25.0 
8.3 
9.9 
8,h 
3.1+ 
10.0 
0.0 
1.9 
1.6 
1.6 
1.6 
5.0 
0.0 
11.6 0.0 
5.1 7.2 
1.5 
0.0 
0.0 
0.0 
0.0 
0.0 
5.1I 
0.0 
0.0 
1.6 
0.0 
0.0 
3.3 
0.0 
0.0 
0.0 
100.0 
51.6 
1|5.0 
ho,o 
68.3 
6.7 
86.7 
31.6 
7.8 
8.5 
7.5 
6.1 
8.5 
5.5 
ll.l 
5.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.3 
3.3 
3.1; 
3 J 4  
3.3 
1.6 
0.0 
0.0 
1.6 
0.0 
11.6 
8.3 
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Fig. 52 Rate of emergence in percent of seeds planted of com 
soaked prior to planting on several different days 
after planting. 
An analysis of Pig. 52 shows that an unfavorable condition 
(apparently anaerobic) developed when seeds were immersed in water 
longer than one day, and that when compared with the one day soaking 
period, additional time was required ror emergence. The rate of 
emergence (plants per day) for the seeds soaked one day was 53*3 
percent on the third day after planting, lAfcereas, the seeds that 
were soaked four days did not attain the above rate of emergence 
until the seventh day after emergence. 
The dry seed had a slightly slower rate of emergence than the 
seed indiich was wetted just prior to planting and it tvas approxi­
mately four days behind "tiie seed soaked one day. The total 
emergence of the dry seed did not reach a desirable percentage un­
til the eighth day after planting, Tfldiile that of the seed soaked 
one day reached a desirable percentage on the fourth day after 
planting. 
The soaked seeds were plajited in sand which ms at field capacity 
at the time of planting, ihi analysis of the above data shows that 
the seeds soaked one day was the only treatment that had enough 
initial water to grow a good root system before the sand dried to 
the P W P. Its roots grew to the -water supply. To complete the 
germination of all other seeds additional water was required and sup­
plied on the fifth day after planting. 3h these cases, the maximum 
rate of germination occurred the third day after vmtering. Tilhen 
the seeds were soaked longer periods of time, a sizeable percentage 
of the plants emerged on the ninth and tenth days after planting. 
TfUhile the seeds were soaking, different colored scums formed 
on the jars of corn. The data indicate that the fungi formed in 
jars 5» 9 and 11 were not harmful i/^ile that formed in 10 were ex­
ceedingly harmful. 
The fast emergence of the seed soaked for 2k hours suggests 
that an oxygen deficiency existed at the time of planting in the 
seed soaked for longer periods. 
Another experiment was conducted in lAiiich oxygen was supplied to 
the seed during the soaking period. Air was bubbled into the Vi/ater 
to provide the seed mth a ready supply of oxygen. A detergent was 
added to the v/ater in order to increase the rate of imbibition. Two 
soaking periods were used in the experiment, i.e., 2l+ and i+S hoxars. 
The sand was wetted to saturation just after planting and received 
no furiiier water. Table 29 shows the percent emergence at various 
days after planting. Air was bubbled through the water to insure 
an adequate oxygen supply. In treatment 2, the detergent was added 
to the water at -fee start of the soaking period, i\4iile in treatment 
i|. the detergent was added dry to the sand at the time of planting. 
The data indicate that a 14.8 hoiur soak was beneficial. Hot 
enough v/ater v/as imbibed in 2i; hours to insure a high percentage 
germination. The addition of the detergent to the water increased the 
rate of emergence one day. The dry application of detergent was 
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Table 29 
Emergence of seed corn soaked in aerated water with 
detergent treatment 
Soaking Detergent Soaking Days after planting 
treatment treatment time 3 k 5 6 
(days) (percent emergence) 
Dry seed None 0 - 7.3 51.9 58.7 
Soaked In water 1 
2 82.k 
55.0 
95.0 
71.0 
97.5 
76.6 
97.6 
Soaked None 1 
2 6U.3 
60.0 
88.5 
75.0 
92.3 
76.0 
97.6 
Soaked Added dry 
to sand 1 
2 hh'l 78.0 
71.3 
78.3 
0
 0
 
unsuccessful. The oxygen supply was beneficial to the seed since 
the J+S-hour soaking period had a higher rate of emergence than the 
2!4.-hox3r period. 
A field experiment was conducted to determine the feasibility 
of planting soaked seeds. Four treatments were used. The com was 
hand planted. Approximately 50 cc of water were dropped with tiie 
soaked seeds. Table 30 gives the data concerning the experiment 
which contained 172 replications. Air was bubbled through the water 
during the soaking period. The fungicide was Vancide. The fertilizer 
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Table 30 
Soaked seed field experiment 
Seed treatment Gemination Lb/plant Plants/ 
acre 
Seeds/ Yield 
acre 
Soalced seed 
(percent) 
06,k O.I4.66 111,300 16,600 95"1 
Soaked seed and 
fertilizer 79.8 oJ+6e 13,250 16,600 87i). 
Soaked seed and 
fungicide 85.6 0479 lit.,300 16,600 95.5 
Dry seed 77.3 0.i|.67 12,800 16,600 85.3 
was Rapid Grow, a liquid (20-16-21},) fertilizer. The fertilizer vra-s 
added four hoxirs before planting. 
The soaked seed emerged approximately tv/o days before the dry 
seed. During the early part of the growing season, the corn plants 
emerging from the dry seed were smaller than the other soaked seed 
plsints * 
Miile the yield of the soaked seed and soaked seed treated with 
fungicide are undoubtedly significant, the total increase can be ac­
counted for by increased gemination of the soaked seed over the dry 
seed. 
The data indicate that a higher germination and higher rate of 
emergence may be expected from seed soaked in water provided that air 
is bubbled through the water to furnish oxygen to ihe seed. 
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Proteotion against flooding 
Since the ridge at planting time is approximately 10- to 12-in.ohes 
high, a measure of protection against flooding is obtained Virhen the 
crop is planted on the ridge. The elevation afforded by planting 
on the ridge reduces and often alleviates the time spent by the seed 
or its seedling in an anaerobic condition. The effects of the 
anaerobic condition upon gennination have been discussed in the previ­
ous section. 
Figure 5^ shav"/s the conventional and ridged plots during the 
1951 crop year. The ridged corn in the "pot hole" produced approxi­
mately two-thirds of a normal yield of corn vfhile the flat-planted 
corn there was a complete failtire. 
Soil Air 
The germinating seed and the roots of the grov/ing plant must have 
access to a supply of oxygen. The water which enters the soil does 
so at the expense of the soil air "niiich is either driven from the 
soil dissolved in the water or caapressed below the wetted front. 
Effect of ridging on air entrapment 
As the Tretted front passes through the soil, the water displaces 
the air in the pore spaces. Although the upper soil siarface is 
12^. 
Fig. 51+. Effect of flooding on flat-planted (left) and ridge-planted 
(right) corn. 
sat-urated, an xmsaturated condition (55) always exists below the 
surface because the soil surface, during normal rainfall, becomes 
the limiting factor which impedes water movement into the soil {3h) » 
Under the surface soil, the vra.ter may move more rapidly in 
certain areas and result in some of the air being trapped in the 
pores with water all around it (52)• These pockets of air decrease 
the effective cross-sectional area and reduce the rate of flow. 
Smith and Bro^vvning (57) observed that "... it appears likely 
that the maximum trapping of air would ordinarily occur in the inter­
mediate range of pore sizes." 
Iwthin (89) studied the pressure distribution in a soil draining 
to atmosphere. He found that under drainage conditions a negative 
tension existed throughout the soil colimn. Air floaved into the soil 
from the atmosphere due to this gradient. The rate of flow of air 
into the soil was found to be dependent upon size of sin-face pores, 
surface area and pressure gradient. 
Hilgard (55) recognized the value of furrow irrigation in prevent­
ing trapped air. He states that the ready escape of the air up through 
the ridge improves the infiltration capacity of the soil. Under rain­
fall conditions, the ridges are also wetted up so that this avenue 
of air escape is partially closed off by surface sealing. However 
due to the soil detachability and transportability of raindrop 
erosion (5^, p. 8.5) the puddled soil is moved dovm the ridge and 
deposited in iiie furrow. The ridge therefore loses the puddled soil 
•which normally would be sized aind silted out by the infiltrating 
water to form an impervious surface layer (54) 'which would retard 
air movement out of the soil and water movement into the soil. 
The fine material contributes to the lowering of the infiltra­
tion capacity of the furrovf and presents a serious problem along 
with the compaction of the soil by the tractor wheels. 
Oxygen content of the shaped ridge experiment 
The oxygen content of the shaped ridges was read at to 3~» 6-
and 12-inch depth with a Beckman Model D oxygen analyzer. An open 
end diffusion chamber vra.s installed in the soil to the desired depth. 
After a period of time,. (2I4. hours) the air in the diffusion chamber 
was assumed to be in equilibrium with the soil air. The air in the 
diffusion chamber was then pumped through the oxygen analyzer. The 
oxygen content ms read and recorded. In all cases, as shown in 
Table 31» "the oxygen content of the ridge was found to be in close 
agreement with the oxygen content of air. The oxygen content of the 
* 
furrovf was fo\md to be approximately one percent less than air. The 
readings were abandoned when the analyzer was broken during transit. 
The above data and analysis indicate that ridges may increase 
the rate of diffusion between the soil and air atmospheres. 
Ridg' 
ntinibi 
1 
2 
3 
h 
5 
6 
7 
8 
10 
11 
12 
13 
Furr 
Plat 
Air 
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Table 31 
Oxygen content of the shaped ridge experiment 
1953 
Date of reading 
June 1 June 19 
Depth inches 
3 6 12 ' 6 12 
(percent) 
19.2 18.7 - 22.0 21.6 
19.3 18.6 - 21.8 -
19.8 19.2 18 .I|. 22.0 21.6 
19M 19.i+ - 22.0 21.5 
19.6 19.1; 18.1^ 22.0 21.5 
19.h 19.3 19.2 22.0 21.7 
19.1 19.0 - 22.0 -
19.8 19.7 18.6 21.9 21.7 
19.2 19.0. - 21.9 -
19 M 19.3 - 22.0 -
I9.h 19.2 - 22.0 -
19.6 19.1; - 22.0 -
18.1 
19.1 
19.6 
18.1 
18.3 
- 21.6 
22.0 
21.8 
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Soil Structure 
The state of soil structure denotes the manner and degree of 
aggregation of the soil particles. One of the important reasons for 
the primary tillage operation is to mechanically aggregate the soil. 
The soil has its highest state of structure just after the primary 
tillage operation. This fact is not generally recognized by the 
Anerican farmer. 
Soil structure may be created by many processes but only that 
formed by tillage will be discussed in this section. 
Bulk densities of primary tillage experiment 
Veihmeyer (93) studied the growth of roots into soil of Tarying 
bulk densities. He found that roots could not enter any soils with 
a bulk density of 1»9 or above. 
Parker (61).) found that water infiltration decreased as bulk 
density increased. 
Renoll (70) found that disking compacted the two to four inch 
layer of the soil surface significantly harder than plowing. This 
caused a slight but non-significant reduction in yield from the disked 
plots. 
Hinkle and Buchele (36) studied the root grov/fch of cotton plants. 
They found that three diskings formed a compacted layer within the 
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soil. A cottm plant growing on the disked plots, •which normally 
had a tap root, could not penetrate this layer so 136031116 a shallow 
rooted plant. 
Randolph (69) studied the correlation between bulk density and 
yield. He found a correlation coefficient of -0.83i|. at the time of 
planting and -O.ysi; at the time of harvest. The average bulk density 
in the row decreased approximately O.O7 during the growing season. 
The above decrease in bulk density appears to have been brought about 
by the grovrth of roots in the soil. The displacement of soil by 
roots and their aggregating action tend to decrease the bulk density. 
To detennine the state of soil structure,bulk densities were 
calculated from the soil samples which were used to determine the 
moisture content of the primary tillage experiment. The results are 
given in Table 52 and the analysis of variance is given in Table 33* 
The difference in bulk densities of the tillage treatments was found 
to be significant. Averages of the tillage treatments were plotted 
in Fig. 55• From this it can be seen that "the bulk density profiles 
for all treatments have a characteristic shape and that a certain 
amoruxt of packing resulted from the listing operation. 
The spraying operation compacted the soil highly significantly 
over "the no-spray treatment. This is surprising as the no-spray plots 
received one more cultivation than the sprayed plots. Evidently the 
spraying was performed vrhen the soil -vms somewhat damp. As would be 
Table JS. Bulk densities of primary tillage experiment 
August II4. to 23, 1955 
Depth (inches) 
Ferti­ 0-2 2-4 4-6 6-8 8-10 Av. 
Primary lizer Pre-emergence s pray treatments* 
tillage 
system 
treat- S N 
ment** Av, 
S N 
Av. 
S N 
Av. 
S N 
Av. 
S N 
Av. 
S N 
Av. Av. 
Ridged F 
0 
1.192 1.2014. 
1.166 1.171 
1.206 1.214 
1.203 1.205 
1.300 1.416 
1.298 1.267 
1.409 1.369 
1.337 1.3^ 6 
1.394 1.3^  
1.381 1.330 
1.300 1.314 
1.277 1.2^  
1.307 
1.217 
Av. 1.183 1.207 1.320 1.365 1.368 1.289 
Conven­
tional 
P 
0 
1.208 1.180 
1.182 1.208 
1.233 1.169 
i.2au 1.168 
1.343 1.296 
1.334 1.291 
1.361 1.262 
1.329 1.262 
1.384 1.398 
1.409 1.362 
1.306 1.261 
1.307 1.258 
1.284 
1.288 
Av. 1.195 1.21I4. 1.316 1.304 1.388 1.286 
Ohio 
system 
F 
0 
1.133 1.139 
l.l6l.t 1.163 
1.127 1.125 
1.199 1.164 
1.189 1.257 
1.301 1.184 
1.240 1.201 
1.330 1.278 
1.352 1.3614 
1.404 1.3^  
1.208 1.217 
1.279 1.230 
1.213 
1.255 
Av. 1.150 1.154 1.233 1.262 1.371 1.234 
Listed F 
0 
1.166 1.152 
1.263 1.152 
1.206 1.156 
1.214 1.190 
1.368 1.326 
1.485 1.2^  
I.38O 1.383 
1.471 1.336 
1.464 1.355 
1.521 1.457 
I.3I8 1.274 
1.391 1.280 
1.296 
1.336 
Av. 1.183 1.192 1.361 1.393 1.1149 1.316 
F 
0 
1.175 1.169 
1.194 1.174 
1.193 1.166 
1.225 1.182 
1.300 1.324 
1,354 1.252 
1.348 1,304 
1.367 1,306 
1.398 1.371 
1.429 1.378 
1.283 1.266 
1.314 1.258 
1.274 
1.286 
Av. 1.178 1.192 I.308 1..331 1.394 1.280 1.280 
S s pre-enxergence spray; N b no pre-emergenoe spray 
A A 
F • starter fertilizer; 0 a no starter fertilizer 
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Table 53 
Analjrsis of variance of bulk densities 
primary tillage experiment 
Soxarce of variation 
Degrees of 
freedom Mean square 
Replications 5 0.2961 
Tillage (t) 3 O.II+O65* 
Error (a) 15 o,6Uqo97 
Starter fertilizer (P) 1 0.0^ 345 
P X T 3 0 .oii.1900 
Error (b) 20 0.026203 
Spray (S) 1 0.155376** 
S X T 3 0.03U170 
S.x P 1 0.QU6216* 
S X T X F 3 0.006150 
Error (c) i+o 0.0li).392 
Depth (D) k 0.828826»»» 
D X T 12 0.018i;l6* 
D X F h 0.0035914. 
D X S k 0.00i|.652 
D X F X T 12 O.OO33O8 
D X S X T 12 0.006359 
D X S X P k 0.14377* 
D X S X P X T 32 0.006756 
Error (d) 319 0.00573i+ 
Total 378 
* Significajit at the 5 percent level 
Significant at the 1 percent level 
Significant at the 0.1 percent level 
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Fig. 55* Bulk density vs. depth profile, primary tillage 
exper iment. 
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expected the bulk densities varied with depth, but the fertilizer 
treatments did not affect the bulk density readings. 
This variation of bulk density v/ith depth -vvas foimd to be very 
highly significant. Axi examination of Fig. 55 mil indicate the depth 
of the soil throvm. on to the row by the cultivator. This low density 
soil had not been packed or consolidated by rain or secondary tillage 
operations. This soil which is above the tTro-inch depth shovra the 
state of structure of the surface soil while that beloiir the four-inch 
depth sho-vvs the structure-destroying abilities of the secondary tillage 
machinery used in this experiment. 
The buUc densities of the ridged soil at the lower depths vrere 
found to be higher than would normally have been expected since a 
plow ViTas used to form the ridge in plowed land. The explanation of 
this high density appears to lie in the compaction produced by the 
disk-bedder during the hipping and treading operation, since the pro­
files of the ridge-farmed and conventional-farmed sj'-stems are similar. 
The conventional-farmed plots received two double-diskings afber plow­
ing. 
A comparison of the conventional and Ohio systems of farming pin­
points the detrimental effect of the two double-diskings. The complete 
disking of the entire land surface unduly packs the subsoil and cuts up 
the clods contained vfithin the soil mass. This subs^jrface compaction 
and pulverization of the surface reduces the vjater-infiltration capacity 
of the soil and materially alters the moisture content profile as shovra 
in Fig. 55, 
13^. 
The compaction of the subsoil by the lister bottom was found 
to be more severe than that of the moldboard plow (compare the bulk 
densities of the Ohio system against the Lister). 
The above data indicate the mechanical aggregating abilities of 
the primary tillage equipment and the structure-destroying abilities 
of the secondary tillage equipment. 
Penetrometer readings of primary tillage experiment 
Jsunison (i+l) studied the relation betvreen penetrometer readings 
and pore space drained at 60 cm of v^ater tensions. He found the best 
1 
correlation (negative) was between maoroporosity and log (9 H^) where 
9 was field moisture percentage and H the calibrated hammer blows re-
1 
quired to cut the soil core. The hardness function (9 H?) accvirately 
predicted the variation in maoroporosity due to primary tillage methods 
and resulting effect on depth of rooting, and yield of cotton. TiTlhile 
in the above experiment, the highest correlation was obtained between 
maoroporosity and the hardness function, the correlation of maoroporosi­
ty and hammer blows was also found to be highly significant. 
In root growth, the above hardness function describes the value 
of moisture as twofold, to supply the necessary water for growth, and 
to lubricate the root tips. Thus tvro positions in the soil may have 
at any one time an equal hardness function but v.ldely different moisture 
content and structure. 
The ridge has been found to have a Icr/rer buUc density and a 
some-vvhat lov/er moisture content than the listed furro?r. Since the 
lovrer bulk density means a Iotv value of H, the ridge would thus 
normally be expected to have a lower hardness function than the fur­
row. There certainly must be a lower limit to the hardness function 
v^iich was not discussed by the author. 
Lutz (5I+, p. 55) studied the correlation between penetrometer 
readings and porosity. He found the correlation coefficient betiveen 
the two factors vras 0.88, significant at the 1 percent level. 
RenoU (jO) studied the Stone penetrometer readings for plowed, 
listed and disked plots. The depth of penetration on the Yfebster-
Clarion complex soils tos 7»2, 5*8 and 5«0 inches before planting. 
The corresponding yield was 57»76, 55*31 a^d Iti+.TS bushels per acre 
for the plowed, listed and disked plots. 
Table 3^ sets forth the Stone penetrometer readings taken at 
harvest time in the primary tillage plots and the accompanying bulk 
density. The Stone penetrometer is shown in Fig. 56. 
There is a very high significance between the furrow and row, 
but the difference in penetrometer readings between primary tillage 
methods was found to be barely non-significant at the 5 percent level, 
^reement between penetrometer readings and average bulk densities as 
shown in Table 5h found to be rather poor. 
136. 
Table 3k 
Penetrometer and bulk densities 
primary tillage experiment 
Primary 
tillage 
system Position 
Structure measurement 
Penetrometer Bulk density 
(inches) 
Eidge RotiT 6.51 1.289 
Furrow 1.93 
Conventional Rov/ 5.72 1.286 
Furrow 1.97 
Ohio system Rovf 6.83 1,23k 
Furrow 2.69 
Listed ROT/ 6.35 1.316 
Furrow 2.11 
137. 
Compaction of the furrovj-s 
Taylor (88) noted a difference in infiltration capacity of the 
soil under traveled and untraveled furrows. 
As was indicated in Table concerning the penetrometer readings 
of the roy/ and middle of iiie row, the latter were found to be com­
pacted by the travel of the tractor tires. Table 35 gives the bulk 
densities of the ridge and furrow. The rear cultivator ffiveeps 
operated in the upper two inches of the furrow to obliterate the 
tractor wheel tracks. 
Table 35 
Bulk densities of ridge and furroiv 
August 25, 1953 
Depth (inches) 
Position 0-2 21L}. k-6 6-S 8-10 
Ridge 1.236 1.2!+! lJ+16 1.361 1.UQI+ 
Furrow 1.279 1473 l.il.17 1.501+ 1.590 
138. 
Table shows that at hardest time the Ohio system of farming 
had a "better structiare (less compaction) in the middle between the 
rows than any of the other primary tillage systems. 
Table 36 gives the Stone penetrometer readings on llay 18 and 
June 11, 195i; in both ridge-farmed and conventional-farmed plots. The 
ridge-farmed plots received two hipping and treading operations while 
the flat-farmed plots received but one double-disking. The ridge was 
found to be more compacted than the flat-planted row. The untilled 
soil of the furrow not traveled on was somewhat less dense than the 
Table 36 
Depth of penetration of Stone penetrometer 
Middle Row Difference 
ITot Not traveled Furrow, not 
Position Date Traveled Traveled vs. traveled traveled vs. 
row 
(1954) (inches) 
Ridged May 18 5'3k 3-33 6.05 2.01 -0.71 
June 11 5.58 3.49 5.95 2.09 -0.37 
Plat May 18 8.16 3.74 7.08 542 1.08 
June 11 6.76 3.52 6.50 3'2k 0.26 
traveled furrow. The mtraveled furrow was denser than the ridge. 
Readings taken on June 11 shovf that the intervening rains compacted 
the rows and middles of the rows, hoth those traveled and those not 
traveled, of the flat land more than the ridges. 
One hour after the rain of J tone 2, 195^+* "'^h.e picture shown in 
Fig, 57 was taJcen of the above-mentioned contoured ridge-farmed plots, 
A wide front end tractor had made 10 trips dovm the furrows where the 
water is standing. At the time the picture was talcen it was observed 
that the water which was lost from the fields came only from the 
traveled furrows. The untraveled furravs, as shoTO in the figure, 
were practically free from v/ater within an hour after the rain. 
On the basis of the above data and observations, the rear sweeps 
of the cultivator v/ere set deeper to break up the compacted layer. 
Table 56 also sho^vs the penetrometer readings which vrere taken 
prior to and following a series of rains. The data presented show 
that the wetting and drying action (swelling and shrinking) of the 
soil does not remedy the compacted layer. 
Crust formation on ridges 
Duifey (23) studied the effects of different types of surface cover 
on the formation of a surface crust and the effects of the resulting 
crust on the infiltration capacity of the soil. His vrork shows that 
if the puddled surface soil is removed, the soil again recovers its 
original infiltration capacity. 
li+O. 
Pig. 56. The Stone penetrometer mth notebook holder. 
Fig. 57. Water standing in the fTXTrows where the tractor 
wheels had traveled over ten times. 
li+1. 
Carnes (l6) found that the strength of soil crust was inversely 
proportional to the rate of drying. There is a similarily of in­
creased strength mth increased length of curing time between soil 
and concrete. 
Rowan (74) found that a puddled satiirated subsoil dries to the 
Proctor Density. The effect on organic matter of this shrinking and 
compaction upon drying is not well known. 
Carnes (l6) studied the strength of soil crusts taken from 
ridges and furrc/rs. He found that the furrow crust is 29.9 percent 
stronger than the crust formed on the ridge. The reasons for the 
reduced strength of the ridge crust are as follows: 
1. The ridge crust dries faster than the furrow. As mentioned 
above the rapid drying reduces the strength of the crust. 
2, The quick drying of the ridge creates stresses within the 
crust and between the crust and the wetter -underlying soil. 
3» The fine material detached by raindrop erosion, •niiich is 
the source of the puddled soil that becomes the crust, is continually 
removed from the ridge by the splash of the raindrops. 
Buckingham (l^) noted that a three mile an hour wind tripled the 
rate of water-loss over still air. This factor contributes to the 
faster drying of the ridge and due to the lovrer velocity of the air 
in the furrow, the slower drying of the furrow. The ridges increase 
the roughness of the land surface which increases the turbulence and 
reduces the velocity of the surface wind blowing over the ridge. 
ih2. 
Observations made during the crop year show that the ridge 
undergoes severe raindrop, sheet and rill erosion as well as settle­
ment. A twelve-inch ridge at planting time was reduced to a height 
of nine and one-half inches by harvest time. The eroded soil is 
deposited in the furrow, thereby decreasing the height of the ridge. 
The cultivations are designed in part to counteract the movement of 
soil by erosion. 
The above information indicates that a weaker crust is formed 
on the ridge than in the furrcar. 
Soil and Plant Culture 
This section deals with measurement data taken directly from, 
the plant. These data T/ere collected and analyzed in order to secure 
an answer from the plant to the question, "How do you like the environ­
mental conditions where you live?" The answer of the plant should be 
tied directly to the number of plants reaching maturity, height and 
weight of the plants and finally the yield harvested from the plant. 
Yield and stand count, primary tillage experiment 
The 1953 crop year ms considered a rather dry year in that a 
severe drought began to develop during the middle of August and con­
tinued throughout the rest of the growing season. 
iU3' 
The greatest effect of the drought upon yield Tims not in the 
reduction of the gross yield, but the effect early matvirity had upon 
ear droppage due to weakened shanks. Spot checks indicated that an 
ear loss of as much as 25 bushels per acre had occurred in the primary 
tillage plots. 
The rains were evenly distributed during the early growing 
season and the lack of flooded conditions promoted the development of 
a good root system. 
Weed control was easily gained in the pre-emergence spray plots 
of the primary tillage experiment, but there were some weedy spots 
in the Ohio system and listed no-spray plots. 
The primary tillage experiment was designed to test the ability 
of four primary tillage systems to create a desirable seed bed and 
provide a healthy environment for plant growth. 
Pour tillage systems of farming were studied, i.e., ridged, 
conventional, Ohio system and furrow (sometimes referred to as 
listed). The entire experimental area, which was red clover ground, 
was plovred early in the spring. A treader was pulled along behind, 
and to one side of the plow, to break up clods and reduce surface air 
pockets. The four primary tillage experiments were then laid out on 
this ground. 
The ridge-farmed plots were fomed by plowing ridges up with a 
two-Tway moldboard plow as was explained in the IvSachinery Development 
section. These ridges received one hipping and treading operation. 
ihh' 
The conventional fanning method ccmsisted of disking the plovred 
land twice and harrowing it once. 
The Ohio system of farming received no secondary tillage prior 
to planting. 
The listed furrows were formed by a rotary moldboard lister in 
plowed ground. This is sometimes called "loose ground listing". 
The plots were all planted at the same time vidth the same 
planter. The main plots were split to introduce a starter ferilizer 
study. The reason for studying the use of a starter fertilizer was 
to determine the ro le it played in the root bed created by the prinary 
tillage equipment. The starter fertilizer application consisted of 
167 pounds per acre of a 3~12-12 fertilizer or a 5 pound, 20 pound 
and 20 potmd application of elemental nitrogen, phosphate and potas-
sim, respectively. 
The split plots were again split to study the effect of 2,h~^ 
pre-emergence spray on weed control in the various tillage plots. A 
blanket spray at the rate of 2 pounds per acre of acid equivalent of 
2,i4.-D amine vra.s applied several days after planting. 
The no-spray plots received their first cultivation when the corn 
was three to four inches high. The sprayed plots received their first 
cultivation and the no-spray plots received their second cultivation 
when the corn was 12 to 18 inches high, itoother cultivation was per­
formed when the corn was 3^ to 56 inches high. 
ik5' 
The yields of the primary tillage experiments are given in 
Table 37* The analysis of variance of the yield is set forth in 
Table 38. Figure 58 shows the mature ridge-farmed corn. 
The primary tillage methods affected yield significantly. This 
yield was above that which could have been accounted for by increased 
stand alone. 
The starter fertilizer, while not providing a significant increase 
in yield, nevertheless, did increase the yield 3»7 bushels per acre. 
The increased yield in the sprayed plots can be accounted for by 
the better stand. Apparently the early cultivation of the no-spray 
plots reduced the stand. 
The stand co\mts are also shown in Table 37. The analysis of 
variance of the stand counts is given in Table 39. 
In the stand count data, only the second order interaction of 
spray, tillage and fertilizer provided any significant differences. 
The most uniform stand was found on the ridges. Vfliile ridge-farming 
did not provide an increased yield over conventional, it did provide 
a significant yield increase over the only other tillage method (list­
ing) which could provide some measure of soil and water conservation. 
Table 37 also gives the yield per stalk for the various tillage 
treatments. Although the listed plots yielded the highest average 
pounds of corn per stalk, liiey actually produced the lowest total 
yield due to the poor stand. 
Tabla 37, Yield, plant count and yield per stalk of primary tillage experiment 
Primary Yield Stalk count Yield per stalk 
tillage Fertilizer Pre-emergence spray treatment* 
system treatment** S N Av. s N Av. S N Av. 
(bushels per acre) (plants per acre/M) (pounds) 
Ridged F 66.9 65.9 66,3 15.06 IU.39 II+.73 .321+ .321+ .321+ 
0 56.2 63.2 59.7 15.13 31^.95 I5.0ii .278 .306 .292 
Ay. 62.0 1i+.89 .303 
Comren- F 70.7 6l»Jlj. 65.6 16 .U7 13.0 1I+.73 .310 .271 .291 
tional 0 6I4..6 58.7 61.7 15.61 15.39 15.50 .322 .298 .310 
Av. 62.0 15.12 .300 
Ohio F 56.6 55.1 55.9 16.1^.1 17.1^1 16.91 .308 .2i+9 .279 
system 0 60,1 ii9.9 5ii.o 15.09 12.75 13.92 .288 .276 .282 
Av. 55.0 15.14!+ .280 
Listed F 53.2 53.9 13.53 12.18 12.86 .300 .331 .316 
0 52.6 i+7.9 50.3 12.06 10.77 ll.it2 .330 .31+8 .339 
Av. 52.1 12,1k .323 
F 61.2 59.3 60.3 15.37 2k*2k l!+.81 .310 .319 .311+ 
0 58 .U 54.9 56.7 19 .U7 13.1+7 13.97 .30^ .307 .306 
Av. 59.8 57.1 58.5 17.^42 13.86 111.39 .307 .313 .310 
* S a pre-emergence spray; N • no pre-emergence spray 
** F s starter fertilizer; 0 « no starter fertilizer 
3li7. 
Table 38 
ikialysis of variance of the yield of the 
primary tillage experiment 
Source of variation 
Degrees 
of 
freedom Mean square 
Replication 
Tillage (T) 
Error (a) 
Fertilizer (F) 
F X T 
Error (b) 
Spray (S) 
S X T 
S X F 
S X T X P 
Error (c) 
Total 
5 
3 
15 
1 
3 
20 
1 
3 
1 
3 
Uo 
95 
520.58 
802.I^2* 
162.37 
363 J+S 
55.55 
20^.82 
2I8.I4.O 
13i|..81 
h^n 
92.66 
97.57 
* Significant at the 5 percent level 
li+Sa. 
Table 39 
Analysis of variance of the stand count of the 
primary tillage experiment 
Source of variation 
Degrees 
of 
freedom Mean square 
Replications 5 175.3405 
Tillage (T) 3 49.ij.5i2 
Error (a) 15 33.5223 
Fertilizer (F) 1 9.i+879 
F x T 3 11.61+79 
Error (b) 20 19.2906 
Spray (S) 1 17.5545 
S x T 5 4.8569 
S x F 1 0.5490 
S x T x F 3 17.7483* 
Srror (c) Uo 4.9346 
Total 95 
Significant at the 5 percent level 
]i+8b. 
3 
Pig. 58* Hidge farmed com. Hote uniform stand, weed control 
and the collection of crop residue in the furrows. 
Fig. 59* Erosion of soil from the base of a grass seedling 
located on the side of the ridge. 
Ii4.9a. 
The 1953 primary tillage experiment was conducted on relatively 
flat land. Tlie increased water storage capacity of the ridge on the 
contour and the higher yield gained from any increased water supply 
were not studied in the experiment. 
Root studies of the primary tillage experiment 
The development of the root system of the corn plant grov/ing on 
the primary tillage experiment was studied. 
The procedure of study used vjus that of removing the soil from 
the roots and then photographing the root groYjth. A trench I5 inches 
deep was dug perpendicular to the rm and 50 inches from the corn 
hill. After the soil was removed from the roots a photograph was 
taken 2i|., 18, 12, 6 and 0 inches from the hill. By a study of the 
photographs, roots cam be located in their proper three dimensional 
perspective, Pigiires 60, 6I, 62, 63 and 6Li. are a series of pictures 
showing the root system of ridge-farmed corn. 
Figures 65, 66, Sj, 68 and 69 are a series of pictures showing 
the root system of conventionally-farmed corn. 
Figxires 6[|., 69, 70 and 71 are pictin-es of the final root pattern 
with one-half of the roots from the hill exposed. The sidev/-ise grovrth 
of roots does not seem to agree, in its entirety, with the horizontal 
grovrfch shown in the classical drav/ings of Jean and Weaver (95> P« 36). 
Of the roots growing close to the surface, more v/ere foiuid running 
parallel to "the row than perpendicular to the rov/, thus lending some 
Ili9b. 
Pig. 60. Roots of ridged corn 21). in. 
from center line of hill. 
Fig. 61. ^^oots of ridged corn 18 
in. from center line of hill. 
Pig. 62. Roots of ridged corn 12 in. Fig. 65. Roots of ridged corn 6 in. 
from center line of hill. from center line of hill. 
Fig. 6l|.. Roots of ridged corn one-half of hill exposed. 
1490. 
Pig. 65» Roots of con-ventional farmed 
corn 2l+ in. from center line of hill. 
Fig. 66. Hoots of conventional farmed 
corn 18 in. from center line of hill. 
Pig. 67. Roots of conventional farmed 
cora 12 in. from center line of hill. 
Fig. 68. Roots of conventional farmed 
com 6 in. from center line of hill. 
Pig. 69. Roots of conventional farmed com. One-half 
of hill sxDOsed. 
150a. 
support to the theory that the cultivator severs the laterally grow­
ing roots, or that the travel of the tractor wheels packs the area 
so that roots will not grow into the middle of the rows. 
The angle of root grovrth with the vertical cornstalk was measured 
from ridged, conventional, Ohio system and listed root photographs and 
fo\md to be 14.5°» h7° > 37° and i4.8o, respectively. The listed corn roots 
exhibited a more pronounced horizontal grov/th while the Ohio system had 
the most vertical roots. 
Differences were noted in the ease of digging in favor of the Ohio 
system. An interesting situation vj-as noted while digging in the Ohio 
system corn roots, (left center. Fig. 70). A number of last year's 
cornstalks were encountered xmder the hill, and in one of these stalks 
a root had entered and grovm along the inside of the stalk for approxi­
mately three inches and then out of the stallc and downward into the 
soil again. 
During the 1953 crop year, the growth pattern of the corn plajits 
examined was predominately at a i4.5° angle with the vertical.. The 
strongest root development was foimd in the ridged corn plots. 
Adaptability of ridges to a rotation containing legumes 
The ridges have been maintained throughout a complete four year 
rotation o'f corn, corn, oats and meadov/. 
The oats were planted with a grain drill. The only modification 
required v/as that of stopping up the metering wheel cup directly above 
150b. 
Pig. 70» Roots of Ohio system farmed com# 
Pig. 71. Roots of listed corn. One-half of hill exposed. 
151. 
the furrow and tieing together the four discs operating on top of 
the ridge. This permitted the outside discs to ride the shoulder 
of the ridge and increased their stability. 
Legumes, both red clover and alfalfa, were planted on ridges 
following the drilling of the oats. The culti-packer, vdth seed box 
dropping, seed between the two gangs of packing wheels, was used to 
plajit the legumes. The culti-packer wheels over the furrow ivere 
not removed. The extra pressure, due to IJie weight of the imsupported 
wheels, caused the ridge to flatten out excessively during the legume 
seeding. 
The oats were harvested by direct combining in 1932 and by head­
ing and combining in 1953. The yield of the ridge- and flat-planted 
oats ia 1933 was l6,7 and 28,6 bushels per acre, respectively. The 
spacing of the Allis Chalmers combine wheels did not permit them to 
fit into the furrows. The best placement of the combine was such 
that the grain tajik wheel was in the furrow and the grain wheel was 
on the ridge. In any event this arrangement was found to be entirely 
satisfactory. Accordingly, a set of bogie wheels was constructed to 
replace the grain wheels. Precise placement of the bogie wheel per­
mitted both of the wheels to travel in the furrows. One of the bogie 
v/heel tires failed before this special equipment could be fully 
tested. So the original wheel was reinstalled to complete the har­
vesting of the oats. 
152a. 
The weeds in the legtmie were controlled by shredding them with 
the Lundell field chopper. And the hay crop was later harvested with 
the above-mentioned field chopper. The knives over the furrow were 
longer than the knives above the ridge so that an even height of cut 
was secured. In order to increase the stability of the chopper on 
the ridges, a set of smaller diameter tires was bolted to the existing 
tires. These outside tires rode on top of the ridge vdiile the 
regularly equipped tires rode on the side of the ridge. Figures 72 
thro^igh 79 show different phases of legumes growing on ridges. 
One hundred and three pounds per acre of red clover seed was 
harvested in 1953* 
Figure 77 shows that during the relatively vret spring of 1952 
a good stand of red clover was established on the ridges while Fig. 
76 shows' that during the dry year of 1953 the best stand was estab­
lished in the furrow. The ridge and furrow have the characteristics 
of providing a wide range of conditions from warm and dry, to cool and 
wet. This factor should materially increase the chances of establish­
ing an acceptable stand of legum.es each year. 
For three years, soybeans have been experimentally grown on ridges. 
One, two and three rovrs per ridge were grovm. From this it was ob­
served that the highest yield was from the three-row ridges, but weed 
control was easiest on the ridges where just one row of soybeans was 
planted. Figure 79 shows the ridge-grown soybeans.' 
152b. 
Fig. TU# Header used to harvest 
ridge-planted oats. 
Fig. 75» Combining two swaths of 
ridge-planted oats. 
152c. 
Pig. To* First year red clover planted in spring of 1955* 
Note better stand in furrows. 
Fig. 77» Ridge red clover ready for seed harvest. 
153a. 
Weed control by raindrop erosion 
Figure 59 shows the effect of soil movement, due to raindrop 
erosion of the ridge, on weed control. Notice that the soil has been 
eroded amy from iiie base of the grass seedling. Although a few 
roots of this plant still remain in the soil, its rate of gro^vth has 
been slowed and the plant can be easily killed by the first cultiva­
tion. 
In many cases the grass with an exposed root system died during 
the first dry period of the summer. -There is little doubt that 
smaller seedlings were actually washed out by the action of the rains. 
Effect of ridged soil and upon availability of nitrogen and 
potassium 
It has been well demonstrated by many research workers that the 
rate of nitrification depends on temperature. This is shown in Table 1. 
The decrease with depth of available nitrogen and the leaching of 
available nitrogen from the upper soil layer by rain water, has been 
studied by Scareth (76). 
Jones (U?) conducted laboratory experiments to determine the ef­
fect of 2,i+-D on the availability of nitrogen. He fo\and, under the 
conditions of his experiment, no \xnfavorable effect upon available 
nitrogen formation from the application of 25 pounds of 2,l4.-D per acre. 
153b. 
Pig. 79* Ridged soybeans. 
Koike (i(.8) substantiated the above finding in regard to field 
applications, in that normal rates were foxmd to be without effect 
upon either the nitrifying bacteria or plate counts. 
During the summer of 1953» soil samples were collected from the 
primary tillage experiment at the 3" aiid 6-inch depths, for the 
analysis of available nitrogen and potassium. 
The analyses for available nitrogen and potassivmi were conducted 
by the Iowa State College Soil Testing Laboratory. 
The samples were collected betv/een hills of corn in the row on 
June 16, June 23 and July 6, 1955• Table I4.O shows the available 
nitrogen and potassium. Figure 80 is a bar graph of the available 
nitrogen. The amounts of available nitrogen and potassium were in­
creased by the starter fertilizer application. The amount of available 
nitrogen in the "no fertilizer" sub-plots of the ridge-farmed system 
was greater than in any of the other fertilizer plots. The decrease 
of available nitrogen with depth and the nil effects of the 2,i4.-D 
pre-emergence spray, as noted above, vrere substantiated by this experi­
ment . 
The higher temperature of the ridge, and in particular, the higher 
temperature of the shoulders of the ridge, helps to contribute materi­
ally to the available nitrogen supply. These warm spots appear to 
become a source of available nitrogen early in the grov/ing season. 
The above data indicate that the increased temperatiire of the 
ridge provides the necessary environmental conditions for high 
\ 
Fig. 80. Available nitrogen, primary tillage experiment 
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Table i^O 
Available nitrogen and potassitmi 
primary tillage experiment 
Nitrogen Potassim 
(PPM) (lb . per acre) 
3" 6" 3 It 6" 
Starter fertilizer 20.26 16,8 111 .62 92.56 
Mo starter fertilizer 13'k 11.5 80 .82 88.21 
2J4.-T1 pre-emergence spray 17.3 1J4..I 92 .15 89 M 
ITo pre-emergence spray 16.8 15.9 100 .28 91.33 
Ridged 30.0 234 89 .83 109.33 
Conventional 13.5 10.3 97 .00 61.67 
Ohio sj'stera 13.8 ll+.O 96 .67 87.33 
Listed 11.9 9.1 107 .0 8I;.50 
bacteria activity, thus assuring an adequate supply of nitrogen for 
plant growth. 
Date of planting 
Dyas (25) presents data shov/ing that yields of ten hybrid corns 
can be correlated with date of planting. He states 'that losses from 
corn borer damage in early planted corn are more than off-set by the 
higher yields of the early planting. The moisture content of the early 
planted corn at hai"/est time -vvas materially lovrer than that of the late 
planted corn. 
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Kiesselbach (Lj.6) found that in Nebraska, early planting of corn 
in a normal season insured esirlier maturity, lower moistijre content 
and higher viability when exposed to low temperatures. 
The limiting factors which keep the planter out of the field, 
until the soil has dried somewhat below field capacity, are the 
flotation of the tractor tires in the furrow and the mud stopping 
up the seed tube and interfering with the operation of the hill-drop 
mechanism. 
The moisture content of the soil at field capacity has already 
been shown to be a function of temperature. Due to their elevated 
position and more rapid warm-up following a rain, the ridges drain 
and dry more quickly than the furrows. As a result of the quicker 
drying of the ridge, the corn planter will operate in a ridged field 
before it will operate in a listed or flat field. 
The one major drawback to planting the ridge at the first practi­
cal moment after a rain is the excessive compaction caused by the 
tractor tires on wet soil. As already discussed, a narrow sub-surface 
sweep should be used at planting time to eradicate the tractor tire 
tracks. This tillage of the fiirrow at planting will alleviate the 
detrimental effect of traffic in the furrow dixring seedbed preparation. 
In 1952 corn was planted in soil mth a moisture content near the 
field capacity. The weed seedlings which usually are uprooted or 
covered by the pre-planting or planting opera'bion were not killed but 
took root again in the moist soil and continued to grow. The corn did 
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not receive a pre-emergence spray. The above corn, planted as quickly 
as possible after the rain, was found to be weedier than corn planted 
after a pre-planting hipping and treading operation could be perfomed 
on the ridges. 
Rate of growth 
The experimental grwrth law (3U) is as follows: 
(9) Y{ -
where W « final weight 
7/Q = initial weight at tg 
t = time of final v/eight 
r = increase in weight per mit weight of plant 
per unit increase in time. 
The equation shows that the weight (?/) at any time (t) is proportional 
to the initial weight (WQ) at the beginning of the time period. The 
value of (r) is dependent upon the environmental conditions and the 
phase of its life, i.e. whether it is a seedling or a mature stalk. 
For any given environmental condition, the magnitude of (r) decreases 
with age. 
From the growth data presented in Table I4.I, iiie vreight of the 
ridge-planted corn is higher than the flat-planted corn. Since the 
corn was planted at the same time, it is therefore obvious that the r 
value must be higher in the case of the ridged corn. 
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Table 1+1 
Green and dry weight and height of corn plants 
six -weeks after planting 
Jme 12, I95U 
Weight per plant Height 
Position Green 
weight 
Dry 
weight 
of 
plant 
(grans) (cm) 
Ridged S* 12.8 1.85 32.68 
13.5 1.98 
AT. 13.2 1.92 
Flat S 7.1+ 1.12 27.45 
K 6.1 1.02 
AT. 6.8 1.07 
* S = Pre-emergence spray 
** N z No pre-emergence spray 
The above table also shcnvs the height of the corn plants. 
stalks are somewhat near the same height, there must be a 
in the stalk diameter to account for the greater weight. 
Height of corn in shaped ridge experiment 
To determine the location of the most favorable position on the 
ridge, com was planted crosswise of the ridges. A trench was opened 
with a hoe and the seeds of corn were planted one inch apart. 
Since the 
difference 
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Figure 1)1). SIIOT/S the' seeds before covering. Figure I).5 sho'ws the 
growing corn on Jxine 1, 1953 a-iid. Table 1+2 sets forth the corn height 
on June 1, The seven positions recorded were the same as where the 
thermometers were placed in Fig. 39• 
A study of the data indicates that the msucimum growth occxirred 
at positions C and 3 on the shoulders of the ridge. The average 
height of the shoulder position was 0,58 inch higher than the f^^rrow 
and 0,28 inch higher than the top position. 
Either the corn ivas not planted deep enough, or vra-s not ade­
quately covered, as in many cases the whorl of the corn seedling 
opened below the ground surface. This made the leaves have to push 
against the soil as they grew upvmrd. The effect of the thick plant­
ing was detrimental in that the maximum height attained by any of the 
corn was approximately two feet. This fact did not seriously affect 
the experiment as the interest was in the behavior of the young seedling. 
During the harvesting of the adjacent oats, the shaped ridge ex­
periment was partially destroyed by the header running over the ridge. 
Due to the destruction of the experiment no further data were collected. 
Based on the limited data given above, the maximum growth appeared 
to occur on the shoulders of the ridges where higher soil temperatures 
were recorded. 
Table I42, Height of corn on shaped ridge experiment 
Shaped 
ridge Position of height measurement 
number A B C D E P G Av. 
1 1.50 2,00 2.00 
(inches) 
3.25 2.75 3.00 2.25 2.i»,0 
2 2.00 2,75 3.75 2,00 2.50 3.50 3.75 2.80 
3 2.25 2.75 2,00 2,00 2.50 2,50 2.00 2.28 
k 2,00 2.00 2.50 2,50 3.00 3.00 2.75 2.5U 
5 2.00 2.00 2.50 2.25 2.00 2.25 2.50 2,22 
8 2.50 1.75 i+.oo 2.25 2.50 2.50 1.25 2i|J0 
9 2,00 3.00 2,50 2,00 2.50 2,00 1,50 2,22 
11 2.75 3.00 3.25 2,00 3.00 2.50 2,25 2.68 
12 2,50 2.50 1.25 2.25 3.50 2.50 1,50 2.28 
13 1,00 2.00 2,50 3.50 3.00 1.25 1.50 2.10 
Av. 2,05 2.38 2,63 2.1+0 2.73 2.50 2.13 
l6l. 
SimiAHY 
This study developed the machinery, tillage and cultural prac­
tices used for the ridge-farming system proposed in 1951 "^7 
E. v. Collins. The primary objective was soil and water conservation 
with satisfactory yields. 
The ridge-farming system was compared mth conventional, Ohio 
and furro'^T (listed) systems of farming in the primary tillage experi­
ment. The ridge maker, two-way plow, disk-bedder, mounted planter 
and disk-hillsr were constructed and developed to perform the neces­
sary field operations. The above machines, vdth the exception of the 
ridge maker, were successfully used during the 1953 and 195U crop 
years. 
Measurement data concerning the physical nature of the environment 
of the roots were recorded throughout the gromng season. 
Soil temperatures were measured v^'ith laboratory thermometers in 
the primary tillage experiment. The ridges were found to be warmer 
than the fwrows. After the first cultivation on June l6, 1953^ iio 
real difference in temperature was recorded from the various tillage 
treatments. Additional readings made on July 2, 195^!- show that the 
ridge temperature was only slightly higher than that of the conven­
tional farmed plots. 
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The moisture content and bulk density profiles of the above 
experiment were determined for the 1955 crop year. No real differ­
ence vra.s found in the moisture content due to tillage, but the dif­
ferences in bulk density between the systems were found to be 
significant. 
The above ground storage capacity and velocity of water flov/ing 
in the furrows were analyzed. The reduction of infiltration capacity 
of a ridged field was studied from the standpoint of furrow compac­
tion and reduced wetted perimeter. In the laboratory a glass-faced 
soil lysimeter was used to follow the progress of the wetted front. 
In the field the state of soil structure Y/as determined by bulk 
density and penetrometer measurements. Photographs recorded the dif­
ferent rates of infiltration of the traveled and untraveled furrows. 
An analysis of the above data shows that the travel of the 
tractor -wdieels compacted the soil and reduced the infiltration capacity 
of the furrows. 
The effect of raindrop erosion was observed and analyzed. It was 
foimd to reduce the height of the ridge and to provide some measure of 
weed control. 
The weight and heigjit of corastalks and the development of the 
root system between ridge and conventional farmed corn vr&s compared 
and fomd to be in favor of the ridge-farmed corn. 
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The planting of high moisture content seeds to produce a rapid 
rate of germination and emergence was studied and fo\jnd to be feas­
ible. 
The chemical environmental study showed to be true, one or 
both of the following; That the rate of nitrification was greater 
in the ridge than in flat-farmed land or that the rain'vvater did not 
leach the nitrogen that vras made available. 
Comparable corn yields were harvested from the ridged and 
conventional-farmed plots. The ridge-farmed com, however, produced 
a significantly higher yield than any other soil conserving farming 
system tested. 
The rotation of corn-corn-oats-meadow Tvas found to be adaptable 
to this system of farming. 
A warm, well-drained seed bed with good structural properties 
was produced by the ridge-farming system. This seed bed was economi­
cally developed with available commercial machinery. 
1614.. 
CONCLUSIONS 
1. When the temperature is below QJ°F, warming the root bed 
improves the rate of germination of seeds and the gro-vvth of plants. 
2. The two-way plow constrticted a better ridge than the lister. 
3. The 18-inch plow bottom made a better ridge than the IJ4.-
inch plow bottom. 
i(.. Ridge plowing is an economical primary tillage method in 
that approximately one-third of the land is actually plowed. 
5. Ridge plowing provides an economical method for the deep 
placement of fertilizer and crop residue. 
6. Carauercial farm machinery is adaptable to the ridge farming 
system. 
7. Old ridges may be reversed with the two-i.vay plow. 
8. Fertilizer placed under the ridge, the starter fertilizer 
placed in the ridge, and that made available in the ridge by bacteria 
are less subject to run-off or leaching losses. 
9. 2,14.-1) pre-emergence spray controls weeds and stunts grasses 
for approximately four to six weeks. 
10. The disk-hiller cultivator may be safely used in corn 12 
inches high. 
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11. Weeds that were not controlled by pre-emergence spray may 
be covered by throwing soil over them with the disk-hiller cultivator. 
12. The corn-corn-oats-meadow rotation is adaptable to the 
ridge farming system and permits the ridges to be maintained through­
out the four year period. 
13. The ridged brome-alfalfa sod must be disked to kill the 
brome grass before reversing the ridges. 
li).. The ridges were successfully laid out by several different 
methods. 
15« Furrows •vrfiich have grassed watenmy drainage down-slope 
from washed out ridges will drain the water dvmped by the up-slope 
ridge failures and prevent the erosion of the entire slope. 
16. Soil temperature can be successfully measured with a labora­
tory thennometer if the translucent strip is placed between the stm, 
and mercury column. 
17. The ridge temperature, at any depth, is higher than that of 
the furrow. 
18. The ridge temperature is slightly higher than that of flat 
land. 
19. The shoulder is the warmest portion of the ridge. 
20. The diurnal range of temperature is greater on the ridge 
than in the furrow. 
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21. The effect of cultivation upon the soil temperature depends 
on the time of year, moisture content and other undetermined factors. 
22. The south side of east and west ridges receives the great­
est amount of radiation. 
23. The north and south ridges shade the furrow dviring the 
early morning and late evening. 
2li., The temperature, moisture content, buUc density, oxygen 
content and available nitrogen were found to vary with depth. 
25. In the upper 10 inch soil layer, no real difference in 
moisture content was found due to the various tillage treatments. 
26. Planting on the ridge elevates the seed and root bed, 
and alleviates drowning of crops in shallow impounded areas. 
27. It was fomd, by analysis, that contour ridging conserved 
soil, water, and nutrients better than furrow farming. 
28. Furrows, with an effective depth of five inches, have an 
above ground storage capacity of approximately two inches. 
29. Raindrop erosion reduces the height of the ridge and pro­
vides some measure of weed and grass control. 
30. Starter fertilizer increased the supply of available nitro­
gen and potassium in all tillage plots. 
31. The iveight and height of ridge-farmed cornstalks were 
greater than flat-planted cornstalks. 
16?. 
32. A more rapid rate of emergence and a more viniform stand 
count were found in the ridge-planted plots. 
35- Ridge farmed corn will produce yields comparable with other 
tillage methods. 
168. 
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